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ON APPEAL TO THE BOARD OF PATENT APPEALS AND INTERFERENCES 

APPELLANTS' BRIEF 

MAIL STOP APPEAL BRIEF - PATENTS 

Commissioner for Patents 
P.O.Box 1450 

Alexandria, Virginia 32613-1450 
Dear Sir: 

This Appeal Brief, filed in connection with the above captioned patent application, is 
responsive to the Final Office Action mailed on February 13, 2007. A Response to Final and 
Notice of Appeal were filed on July 12, 2007 and an Advisory Action was mailed July 23, 2007. 
Appellants hereby appeal to the Board of Patent Appeals and Interferences from the final 
rejection in this case. 

The following constitutes the Appellants' Brief on Appeal. 
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I. REAL PARTY IN INTEREST 



The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the parent application, U.S. Patent Application Serial No. 09/941,992 recorded 
November 16, 2001, at Reel 012176 and Frame 0450. 

II. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to antibodies to a polypeptide 
referred to herein as "PRO830." There exist two related patent applications, (1) U.S. Patent 
Application Serial No. 09/990,439, now Patent No. 7, 109,318, issued 09-19-2006 (containing 
claims directed to nucleic acids encoding PRO830 polypeptides), and (2) U.S. Patent Application 
Serial No. 09/994,054, filed November 14, 2001 (containing claims directed to PRO830 
polypeptides). Related U.S. Patent Application Serial No. 09/994,054 application is also under 
final rejection by the same Examiner, and based upon the same outstanding rejections, is being 
appealed independently and concurrently herewith. Although there exist several applications 
directed to the "gene amplification" utility, in general, under Appeal, none of these are related to 
PRO830 molecules or antibodies binding to it. 

IIL STATUS OF CLAIMS 

Claims 1 19-123 are in this application. 
Claims 1-118 and 124 have been canceled. 

Claims 1 19-123 stand rejected and Appellants appeal the rejection of these claims. 

IV. STATUS OF AMENDMENTS 

In response to a Final Office Action dated February 13, 2007, a response and a Notice of 
Appeal were filed on July 12, 2007. An Advisory Action was mailed July 23, 2007. 

No claim amendments have been submitted after the Response filed July 12, 2007. 
A copy of the rejected claims in the present Appeal is provided in Section VIII. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated antibody that 
specifically binds to the polypeptide of SEQ LD NO: 175 (Independent Claim 1 19). The 
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invention is further directed to an antibody that specifically binds to the polypeptide of SEQ ID 
NO: 175 which is a monoclonal antibody, a humanized antibody or an antibody fragment. 
(Claims 120, 121 and 122). The invention is further directed to an isolated antibody that 
specifically binds to the polypeptide of SEQ ED NO: 175 which is labeled (Claim 123). 

The full-length PRO830 polypeptide having the amino acid sequence of SEQ ED NO: 175 
is described in the specification at, for example, page 18, pages 140-142 and page 353 and in 
SEQ ID NO: 175. Support for the preparation and uses of antibodies is found throughout the 
specification, including, for example, pages 390-395. The preparation of antibodies is described 
in Example 144, while Example 145 describes the use of the antibodies for purifying the 
polypeptides to which they bind. Isolated antibodies are defined in the specification at page 315, 
line 31. Support for monoclonal antibodies is found in the specification at, for example, 
page 390, line 17, to page 392, line 3. Support for humanized antibodies is found in the 
specification at, for example, page 392, line 4, to page 393, line 6. Support for antibody 
fragments is found in the specification at, for example, page 314, line 30 onwards. Support for 
labeled antibodies is found in the specification at, for example, page 316, lines 3. 

Finally, Example 170, in the specification at page 539, line 19, to page 555, line 5, sets 
forth a "Gene Amplification assay' which shows that the PRO830 gene is amplified in the 
genome of certain human lung cancers (see Table 9A). 

VI GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether Claims 1 19-123 satisfy the utility requirement under 35 U.S.C. §101. 

2. Whether Claims 119-123 satisfy the enablement requirement under 35 U.S.C. 
§112, first paragraph. 

VII. ARGUMENTS 
Summary of the Arguments: 
Issue 1: Utility 

As a preliminary matter, Appellants would like to bring to the Examiner's attention a 
recent decision in a microarray case by the Board of Patent Appeals and Interferences (Decision 
on Appeal No. 2006-1469). In its decision, the Board reversed the utility rejection, 
acknowledging that "there is a strong correlation between mRNA levels and protein expression, 
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and the Examiner has not presented any evidence specific to the PRO 1866 polypeptide to refute 
that." (Page 9). Appellants submit that, in the instant application, the Examiner has likewise not 
presented any evidence specific to the PRO830 polypeptide to refute Applicant's assertion of a 
correlation between DNA levels, mRNA levels and protein expression. 

Appellants rely upon the gene amplification data of the PRO830 gene for patentable 
utility of the PRO830 polypeptides and their antibodies. This data is clearly disclosed in the 
instant specification in Example 170 which discloses that the gene encoding PRO830 showed 
significant amplification, ranging from 2.188-2.549-fold amplification in five primary lung 
tumors or cell lines . Appellants have submitted, in their Response filed September 13, 2005, a 
Declaration by Dr. Audrey Goddard, which explains that a gene identified as being amplified at 
least 2-fold by the disclosed gene amplification assay in a tumor sample relative to a normal 
sample is useful as a marker for the diagnosis of cancer , and for monitoring cancer development 
and/or for measuring the efficacy of cancer therapy. Therefore, such a gene is useful as a marker 
for the diagnosis of lung cancer , and for monitoring cancer development and/or for measuring 
the efficacy of cancer therapy. The Examiner asserts on page 3 of the Final Office action that the 
DNA is "slightly amplified" "only in 35% of samples" and therefore, would not be useful as a 
marker for lung cancer. According to the Goddard Declaration, the 2.188-2.549-fold 
amplification in five primary lung tumors or cell lines would be considered significant and 
credible by one skilled in the art, based upon the facts disclosed therein. The Examiner has not 
provided any evidence to show that the disclosed DNA amplification is not significant. 
Moreover, the Examiner is asserting a higher standard than the one set by the USPTO in this 
case, because the DNA amplification values clearly satisfy the values discussed in the Goddard 
Declaration. Such a rejection is therefore inappropriate. 

Appellants have also submitted, in their Responses filed August 19, 2004, and August 17, 
2006, ample evidence to show that, in general, if a gene is amplified in cancer, it is more likely 
than not that the encoded protein will be expressed at an elevated level. For instance, the articles 
by Omtoft et al, Hyman et al, and Pollack et al. collectively teach that in general, gene 
amplification increases mRNA expression . Second, the Declarations of Dr. Paul Polakis: 
(Polakis I and II - made of record in Appellants* Response filed August 19, 2004 and August 17, 
2006, respectively), shows that, in general, there is a correlation betw een mRNA levels and 
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polypeptide levels . Third, Appellants further submit that even if there were no correlation 
between gene amplification and increased mRNA/protein expression, (which Appellants 
expressly do not concede to), a polypeptide encoded by a gene that is amplified in cancer would 
still have a specific, substantial, and credible utility. Appellants submit that, as evidenced by the 
Ashkenazi Declaration and the teachings of Hanna and Mornin (both made of record in 
Appellants' Response filed August 19, 2004), simultaneous testing of gene amplification and 
gene product over-expression enables more accurate tumor classification , even if the gene- 
product, the protein, is not over-expressed. This leads to better determination of a suitable 
therapy for the tumor, as demonstrated by a real-world example of the breast cancer marker 
HER-2/neu. 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip arrays in 2004. Clearly, the research community believes that the 
information obtained from these chips is useful (i.e., that it is more likely than not informative of 
the protein level). Therefore, as a general rule, one skilled in the art would find it more likely 
than not that PRO830 and antibodies binding to the PRO830 polypeptides are useful as a 
diagnostic tools for detecting lung tumors. 

Appellants submit that the teachings of the Examiner's cited references do not 
conclusively establish a prima facie case for lack of utility (as will be discussed in detail below). 
In particular, contrary to the Examiner's interpretation, the data of Haynes et al. (see Figure 1) 
suggests that a positive correlation does exist between gene and protein expression. In addition, 
the teachings of Hu et al does not show a lack of correlation between mRNA and protein 
expression for genes in general . In fact, these cited references make clear references to various 
limitations in their studies and to their conclusions that were drawn by excluding certain data 
points. Appellants respectfully submit that such conclusions cannot be used to validate the 
Examiner's conclusions regarding the correlation between gene and mRNA/ protein expression 
in general . Since the Examiner has not cited evidence that clearly addresses gene and mRNA/ 
protein expression in general , a prima facie case for lack of utility has not been made. Taken 
together, although there are some examples in the scientific art that do not fit within the central 
dogma of molecular biology that there is generally a positive correlation between DNA, mRNA, 
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and polypeptide levels, in general, in the majority of amplified genes , as exemplified by the 
teachings of Orntoft et al, Hyman et al, Pollack et al, the two Polakis Declarations, the art in 
general overwhelmingly show that gene amplification influences gene expression at the mRNA 
and protein levels . The widespread, art accepted use of information obtained from array chips 
for detecting diagnostic markers lend further support that in general, one of skill in the art would 
reasonably expect in this instance, based on the amplification data for the PRO830 gene, that the 
PRO830 polypeptide is concomitantly overexpressed and has utility in the diagnosis of lung 
cancer or for individuals at risk for developing lung cancer. 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
should reach the conclusion that the present application discloses at least one patentable utility 
for the claimed antibodies to PRO830 polypeptides. 

Issue 2: Enablement 

Appellants respectfully submit that the data presented in Example 170 of the specification 
and the cumulative evidence of record support a "specific, substantial and credible" asserted 
utility for the presently claimed invention. Accordingly, one of ordinary skill in the art would 
understand how to make and use the recited antibodies for the diagnosis of lung cancer without 
any undue experimentation. 

These arguments are all discussed in further detail below under the appropriate headings. 

Response to Rejections 

ISSUE 1. Claims 119-123 are Supported by a Credible, Specific and Substantial Asserted 
Utility, and Thus Meet the Utility Requirement of 35 U.S.C. §101 

The sole basis for the Examiner's rejection of Claims 1 19-123 under these sections is that 
the data presented in Example 170 of the present specification is allegedly insufficient under 
applicable legal standards to establish a patentable utility under 35 U.S.C. §101 for the presently 
claimed subject matter. 

Appellants strongly disagree and respectfully traverse the rejection. 

A. The Legal Standard For Utility Under 35 U.S.C §101 

According to 35 U.S.C. §101: 

Whoever invents or discovers any new and useful process, machine, manufacture, 
or composition of matter, or any new and useful improvement thereof, may obtain 
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a patent therefor, subject to the conditions and requirements of this title. 
(Emphasis added). 

In interpreting the utility requirement, in Brenner v. Manson, 1 the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent Applicant disclose a "substantial utility" for his or 

2 

her invention, i.e., a utility "where specific benefit exists in currently available form." The 
Court concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 

3 

commerce rather than the realm of philosophy." 

4 

Later, in Nelson v. Bowler, the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may 
not establish a specific therapeutic use. The Court held that "since it is crucial to provide 
researchers with an incentive to disclose pharmaceutical activities in as many compounds as 
possible, we conclude adequate proof of any such activity constitutes a showing of practical 

utility." 5 

In Cross v. Iizuka? the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e., there is a reasonable correlation there between." 7 The Court perceived, "No insurmountable 



1 Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 

2 Id at 534, 148 U.S.P.Q. (BNA) at 695. 

3 Id at 536, 148 U.S.P.Q. (BNA) at 696. 

4 Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 

5 Id at 856, 206 U.S.P.Q. (BNA) at 883. 

6 Cross v. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 



7 Id at 1050, 224 U.S.P.Q. (BNA) at 747. 
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difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 

8 

practical utility." 

The case law has also clearly established that Appellants' statements of utility are usually 

9 

sufficient, unless, such statement of utility is unbelievable on its face. The PTO has the initial 

10 

burden to prove that Appellants' claims of usefulness are not believable on their face. In 
general, an Appellant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C §101, "unless there is a reason for one skilled in 

11 12 

the art to question the objective truth of the statement of utility or its scope." ' 

Compliance with 35 U.S.C. §101 is a question of fact. 13 The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 

14 

totality of the evidence under consideration. Thus, to overcome the presumption of truth that 
an assertion of utility by the Appellant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Appellant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 

("Utility Guidelines")/ 5 which acknowledge that an invention complies with the utility 



9 In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 

10 

[bid 

H In re hanger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

12 See also In re Jolles, 628 F.2d 1322, 206 USPQ 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
USPQ 351 (1965); In re Sichert, 566 F.2d 1154, 1159, 196 USPQ 209, 212-13 (C.C.P.A. 1977). 

13 Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

U In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
15 66 Fed. Reg. 1092(2001). 
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requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when 
it is particular to the subject matter claimed. For example, it is generally not enough to state that 
a nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the 
public" or similar formulations used in certain court decisions to mean that products or services 
based on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement. "Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least with 
regard to defining a 'substantial utility.'" 16 Indeed, the Guidelines for Examination of 

17 

Applications for Compliance With the Utility Requirement, gives the following instruction to 
patent examiners: "If the Applicant has asserted that the claimed invention is useful for any 
particular practical purpose . . . and the assertion would be considered credible by a person of 
ordinary skill in the art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Appellants submit that the evidentiary standard to be used throughout ex parte 
examination of a patent application is a preponderance of the totality of the evidence under 
consideration. Thus, to overcome the presumption of truth that an assertion of utility by the 
Appellant enjoys, the Examiner must establish that it is more likely than not that one of ordinary 
skill in the art would doubt the truth of the statement of utility. Only after the Examiner has 
made a proper prima facie showing of lack of utility, does the burden of rebuttal shift to the 
Appellant. 



M.P.E.P. §2107.01. 
17 M.P.E.P. §2107 11(B)(1). 
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Appellants respectfully submit that the data presented in Example 170 of the specification 
and the cumulative evidence of record support a "specific, substantial and credible" asserted 
utility for the presently claimed invention. 

Patentable utility for the PRO830 polypeptides and their antibodies is based upon the 
gene amplification data for the gene encoding the PRO830 polypeptide of SEQ ED NO: 175. 
Example 170 describes the results obtained using a very well-known and routinely employed 
polymerase chain reaction (PCR)-based assay, the TaqMan™ PGR assay, also referred to herein 
as the gene amplification assay. This assay allows one to quantitatively measure the level of 
gene amplification in a given sample, say, a tumor extract, or a cell line. It was well known in 
the art at the time the invention was made that gene amplification is an essential mechanism for 
oncogene activation. Appellants isolated genomic DNA from a variety of primary cancers and 
cancer cell lines that are listed in Table 9, including primary lung cancers of the type and stage 
indicated in Table 8 of the specification. The tumor samples were tested in triplicates with 
Taqman™ primers and with internal controls, beta-actin and GADPH in order to quantitatively 
compare DNA levels between samples. As a negative control, DNA was isolated from the cells 
often normal healthy individuals, which was pooled and used as a control and also, no-template 
controls (pages 222-234). As explained in the passage on page 539, lines 37-39, "the results of 
TaqMan™ PCR are reported in ACt units. One unit corresponds to one PCR cycle or 
approximately a 2-fold amplification, relative to control, two units correspond to 4-fold, 3 units 
to 8-fold amplification and so on" (emphasis added). PRO830 showed approximately 1.13-1.35 
ACt units which corresponds to 2 1 * 13 -2 !* 35 - fold amplification or 2.188 fold to 2,549 -fold 
amplification in five lung tumors, which is significant and thus the PRO830 gene has utility as a 
diagnostic marker of lung cancer. 

Appellants submitted a Declaration by Dr. Audrey Goddard which provides a statement 

by an expert in the relevant art that "fold amplification" values of at least 2-fold are considered 

significant in the TaqMan™ PCR gene amplification assay. Appellants particularly draw the 

Board's attention to page 3 of the Goddard Declaration which clearly states that: 

It is further my considered scientific opinion that an at least 2-fold increase in 
gene copy number in a tumor tissue sample relative to a normal (i.e., non-tumor) 
sample is significant and useful in that the detected increase in gene copy number 
in the tumor sample relative to the normal sample serves as a basis for using 
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relative gene copy number as quantitated by the TaqMan PCR technique as a 
diagnostic marker for the presence or absence of tumor in a tissue sample of 
unknown pathology. Accordingly, a gene identified as being amplified at least 2- 
fold by the quantitative TaqMan PCR assay in a tumor sample relative to a normal 
sample is useful as a marker for the diagnosis of cancer, for monitoring cancer 
development and/or for measuring the efficacy of cancer therapy. 
(Emphasis added). 

Accordingly, the 2.188-2.549-fold amplification in five primary lung tumors or cell lines 
would be considered significant and credible by one skilled in the art, based upon the facts 
disclosed in the Goddard Declaration. 

The Examiner asserts on page 3 of the Final Office action that the DNA is "slightly 
amplified" "only in 35% of samples" and therefore, would not be useful as a marker for lung 
cancer. According to the Goddard Declaration, the 2.188-2.549-fold amplification in five 
primary lung tumors or cell lines would be considered significant and credible by one skilled in 
the art, based upon the facts disclosed therein. The Examiner has not provided any evidence to 
show that the disclosed DNA amplification is not significant. Moreover, significance is based on 
the facts in the Goddard Declaration, not in the number of samples in which a positive reaction is 
observed. The Examiner seems to be asserting a higher standard than the one set by the USPTO 
in this case, because the DNA amplification values clearly satisfy the values discussed in the 
Goddard Declaration. Such a rejection is therefore inappropriate. 

Further, as discussed in detail below, Appellants have provided ample evidence in the 
form of articles from the art, like Orntoft et al. 9 Hyman et aL 9 Pollack et al, and over a 100 
references (see Evidence List items 10-141) and Declarations by experts in the field of oncology 
and gene expression, i.e.: the Declarations by Dr. Paul Polakis (I and II) and by Dr. Avi 
Ashkenazi, to show that, in general, if a gene is amplified in cancer, it is "more likely than not" 
that the encoded protein will also be expressed at an elevated level. 

C. A prima facie case of lack of utility has not been established 

As discussed above, the increase in DNA copy number for the PRO830 gene is 
significant. Further, the evidentiary standard to be used throughout ex parte examination of a 
patent application is a preponderance of the totality of the evidence under consideration. Thus, 
to overcome the presumption of truth that an assertion of utility by the applicant enjoys, the 
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Examiner must establish that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. 

Accordingly, it is not a legal requirement to establish a necessary correlation between an 
increase in the copy number of the DNA and protein expression levels that would correlate to the 
disease state or that it is imperative to find evidence that DNA amplification is " necessarily " or 
"always" associated with overexpression of the gene product. Appellants respectfully submit 
that when the proper evidentiary standard is applied, a correlation must be acknowledged. Only 
after the Examiner has made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Applicant. 

Previously, the Examiner has indicated based on reference Haynes et al to show that 
gene amplification data cannot reliably predict protein levels. Appellants have argued this 
reference in great detail throughout prosecution, and these arguments are incorporated by 
reference herein for brevity. Appellants summarize this rejection and the arguments submitted 
below. 

As discussed above, the standard is not absolute certainty . The Examiner cited Haynes et 
al. to show that transcript levels and protein levels do not correlate. However, Appellants had 
shown that Haynes themselves admit that " there was a general trend, although no strong 
correlation between protein [expression] and transcript levels" (see Figure 1 and page 1863, 
paragraph 2.1, last line). Therefore, when the proper legal standard is used, Haynes clearly 
supports the Appellants' position that in general, a positive correlation exists between mRNA and 
protein expression levels . Since accurate prediction is not the standard , a prima facie case of 
lack of utility has not been met based on the cited reference Haynes et al Appellants 
respectfully submit that, contrary to the Examiner's assertion, none of the cited reference 
conclusively establish a prima facie case for lack of utility for the PRO830 molecule. 

Appellants have already discussed reference Hu et al in great detail in their previous 
responses (see at least Responses filed April 8, 2005 and February 27, 2006), and these 
arguments are hereby incorporated by reference for brevity. 

Briefly, the analytical methods utilized by Hu et al have certain statistical drawbacks, as 
the authors themselves admit, and Hu et ai's conclusions only apply to a specific type of breast 
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tumor (estrogen receptor (ER)-positive breast tumor) and cannot be generalized to breast cancer 
genes in general, let alone to cancer genes in general 

In summary, Haynes et al and Hu et al do not conclusively teach that, in general, protein 
levels cannot be accurately predicted from mRNA/ gene amplification levels. Therefore, the 
teachings of these references cannot be relied upon to establish a prima facie showing of lack of 
utility. On the other hand, as noted even in Haynes et al, most genes showed a positive 
correlation between increased gene amplification, mRNA and translated protein. 

Therefore, the Patent Office has failed to meet its initial burden of proof that Appellants' 
claims of utility are not substantial or credible. The arguments presented by the Examiner based 
on references Haynes et al f Hu et al and Anderson et al, do not provide sufficient reasons to 
doubt the statements by Appellants that PRO830 antibodies have utility as a diagnostic marker 
for lung cancer. Appellants once again remind the Examiner that only after the Examiner has 
made a proper prima facie showing of lack of utility, does the burden of rebuttal shift to the 
Appellant. Based on the above discussions, such a showing has not been made. Accordingly, the 
instant rejection should be withdrawn for the Examiner's lack of establishment of a prima facie 
showing. 

Moreover, Appellants acknowledge that, in certain instances, DNA/ mRNA and protein 
levels do not correlate. In fact, Appellants have included several such references directed 
towards a single gene or genes that lack a correlation in their EDS filed August 17, 2006. The 
references discussed in the Preliminary Response filed August 17, 2006, and the arguments 
therein are hereby incorporated by reference for brevity. The IDS included references that 
studied single genes or gene families, multiple or large families of genes, and included studies 
that a wide variety of techniques, including gene amplification and microarray. Regardless of 
the techniques employed, by and large, increased genes/ transcripts levels mostly correlated with 
increased protein levels, even if accurate predictions of proteins could not be made . As 
discussed throughout prosecution, the law does not require the existence of a "necessary" 
correlation between DNA/mRNA and protein levels, or that protein levels be "accurately 
predicted." In fact, authors in several of the cited references (cited both, by the Examiner, and 
by Appellants) themselves acknowledge that there is a general correlation b etween protein 



-13- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/990,427 
Attorney's Docket No. 39780-2730 P1C10 



expression and transcript levels and DNA levels, which meets the "more likely than not 
standard." 

Anderson et al. 

The Examiner cited the reference Anderson et al in support of the position that "there is 
a poor correlation (0.48) between mRNA and protein levels in liver cells" (Page 5 of the Final 
Office Action). 

Appellants respectfully disagree and submit that, as pointed out in the Anderson et al 
reference itself, a correlation coefficient of 0.48 is "close to the middle position between a 
perfect correlation (1.0) and no correlation whatsoever (0.0)" (Anderson et al, page 536). 
Therefore, far from being a "poor" correlation, such a coefficient would obviously be considered 
significant in the art. 

Furthermore, the authors of Anderson et al themselves admit to several experimental 
flaws that severely limit the accuracy of the data presented in their study. For example, their 
protein measurements relied on CBB (Coumassie blue) binding, which is well-known to bind 
different proteins with different affinities. It is also known, in the art, that Coomassie dye stain is 
a very insensitive method of measuring protein. More significantly, however, the authors did not 
measure actual mRNA abundance for each protein, but looked at the numbers of clones found in 
a library. The precision of these measurements is limited because several proteins studied were 
represented only by one or two clones. As Anderson et al state, "such small numbers of clones 
lead to potentially large quantitative errors because of sampling error" (page 536, col. 1). This is 
clearly illustrated in Table 1, where the protein data, from proteins represented by merely one or 
two clones, strongly affected the non-linearity of the total dataset. Obviously, such technical 
limitations affect the accuracy of the mRNA: protein abundance data as well, and their 
conclusions. Finally, even assuming it is accurate, the conclusion by Anderson et al does not 
support the Examiner's position. To the contrary, the data in Anderson et al suggest that there is 
a significant correlation between mRNA and protein levels. Anderson et al have observed a 
correlation coefficient of 0.48 between protein and mRNA abundance. As shown, for example, 
in Chen et al (discussed by Examiner in Office action dated November 25, 2005 and discussed 
in detail in Appellants' response of February 27, 2006, which is incorporated by reference) 
correlation coefficients over 0.25 are deemed to be significant (see Table II, and page 309, col. 
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1). In fact, the highest correlation coefficient reported by Chen et ah is 0.4003, less than the. 
0.48 observed for the Anderson et ah data. Accordingly, the Applicant respectfully submits that 
the Examiner cannot rely on the teachings of Anderson etah to establish a prima facie showing 
of lack of utility. 

Besides Appellants have previously acknowledged the correlation between changes in 
DNA levels and protein levels is not exact, and there are exceptions {see, e.g., abstracts attached 
as Exhibit 21 in previously filed IDS of August 17, 2006). But correspondingly, there are other 
articles that support that there is correlation between mRNA and protein abundance. For 
example, articles by Haynes etah , Orntoft et ah, Futcher et ah support the Appellants position. 
The article by Futcher et ah (Mol. Cell Biol. 1999; 19(1 1):7357-68) (abstract as Exhibit 26 of 
IDS submitted August 17, 2006) the authors conducted a study of mRNA and protein expression 
in yeast. Futcher et ah report "a good correlation between protein abundance, mRNA 
abundance, and codon bias." Id. at Abstract. Appellants remind the PTO that the asserted utility 
does not have to be established to a statistical certainty, or beyond a reasonable doubt. See 
M.P.E.P. at § 2107.02, part VII (2004). Therefore, the fact that there are exceptions to the 
correlation between changes in DNA and changes in protein does not provide a proper basis for 
rejecting Appellants' asserted utility. 

In summary, Appellants maintain that even though there are certain instances where a 
correlation, between DNA/mRNA and protein levels do not exist, in most cases , there is 
generally good correlation between them, and this was collectively demonstrated in the more 
than 100 references submitted by the Appellants in the IDS filed August 17, 2006. 

D. The Gene Amplification Data Establishes Credible, Substantial and Specific 
Patentable Utility for the PRO830 Polypeptide and its Antibodies 

On the other hand, as discussed throughout prosecution, Appellants submit that Example 

170 of the specification further discloses that, "(amplification is associated with overexpression 

of the gene product, indicating that the polypeptides are useful targets for therapeutic 

intervention in certain cancers such as lung, colon, breast and other cancers and diagnostic 

determination of the presence of those cancers" (Emphasis added). Appellants have also 

submitted ample evidence to show that, in general, if a gene is amplified in cancer, it is "more 

likely than not" that the encoded protein will also be expressed at an elevated level. 
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Besides the reference, the Declaration by Dr. Paul Polakis (Polakis I - made of record in 
Appellants' Response filed August 19, 2004), principal investigator of the Tumor Antigen 
Project of Genentech, Inc., the assignee of the present application, explains that in the course of 
Dr. Polakis 1 research using microarray analysis, he and his co-workers identified approximately 
200 gene transcripts that are present in human tumor cells at significantly higher levels than in 
corresponding normal human cells. Appellants submit that Dr. Polakis' Declaration was 
presented to support the position that there is a correlation between mRNA levels and 
polypeptide levels. The second Declaration by Dr. Polakis (Polakis II- - made of record in 
Appellants' Response filed August 17, 2006) presented evidentiary data in Exhibit B. Exhibit B 
of the Declaration identified 28 gene transcripts out of 31 gene transcripts (i.e., greater than 90%) 
that showed good correlation between tumor mRNA and tumor protein levels. As Dr. Polakis' 
Declaration (Polakis II) says "[a]s such, in the cases where we have been able to quantitatively 
measure both (i) mRNA and (ii) protein levels in both (i) tumor tissue and (ii) normal tissue, we 
have observed that in the vast majority of cases, there is a very strong correlation between 
increases in mRNA expression and increases in the level of protein encoded by that mRNA." 
Accordingly, Dr. Polakis has provided the facts to enable the Examiner to draw independent 
conclusions regarding protein data. Appellants further emphasize that the opinions expressed in 
the Polakis Declaration, including in the above quoted statement, are all based on factual 
findings. For instance, antibodies binding to about 30 of these tumor antigens were prepared and 
mRNA and protein levels were compared. In approximately 80% of the cases , the researchers 
found that increases in the level of a particular mRNA correlated with changes in the level of 
protein expressed from that mRNA when human tumor cells are compared with their 
corresponding normal cells . Therefore, Dr. Polakis' research, which is referenced in his 
Declaration, shows that, in general there is a correlation between increased mRNA and 
polypeptide levels . Hence, one of skill in the art would reasonably expect that, based on the gene 
amplification data of the PRO830 gene, the PRO830 polypeptide is concomitantly overexpressed 
in lung tumors studied as well. 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip® arrays in 2004. Clearly, the research community believe that the 
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information obtained from these chips is useful (i.e., that it is more likely than not that the results 
are informative of protein levels). 

Therefore, Appellants respectfully request reconsideration and reversal of this 
outstanding rejections under 35 U.S.C. §101 to Claims 1 19-123. 

ISSUE 2. Claims 119-123 satisfy the Enablement Requirement of 35 U.S.C. §112, First 
Paragraph 

The sole basis for the Examiner's rejection of Claims 1 19-123 under this sections is that 
the data presented in Example 170 of the present specification is allegedly insufficient under 
applicable legal standards to establish a patentable utility under 35 U.S.C. §101 for the presently 
claimed subject matter, and further, since a patentable utility has not been established, one would 
not know how to use the claimed invention. 

Appellants strongly disagree and respectfully traverse the rejection. 

Arguments 

Based on the asserted utility discussed above for PRO830 in the diagnosis of lung 
tumors, the reduction to practice of the instantly claimed protein sequence of SEQ ID NO: 175 in 
the present application (see page 18, pages 140-142 and page 353), the disclosure of the step-by- 
step protocols for making antibodies is found throughout the specification, including, for 
example, pages 390-395. The preparation of antibodies is described in Example 144, while 
Example 145 describes the use of the antibodies for purifying the polypeptides to which they 
bind. Isolated antibodies are defined in the specification at page 315, line 31. Support for 
monoclonal antibodies is found in the specification at, for example, page 390, line 17, to page 
392, line 3. Support for humanized antibodies is found in the specification at, for example, page 
392, line 4, to page 393, line 6. Support for antibody fragments is found in the specification at, 
for example, page 314, line 30 onwards. Support for labeled antibodies is found in the 
specification at, for example, page 316, lines 3. Based on disclosure of the gene amplification 
assay in Example 170, the skilled artisan would know exactly how to make and use the claimed 
polypeptides for the diagnosis of lung cancers. Appellants submit that based on the detailed 
information presented in the specification and the advanced state of the art in oncology, the 
skilled artisan would have found such testing routine and not 'undue. ' 
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Therefore, Appellants respectfully request reconsideration and reversal of this 
outstanding rejections under 35 U.S.C.§1 12, First Paragraph to Claims 1 19-123. 

CONCLUSION 

For the reasons given above, Appellants submit that present specification clearly 
describes, details and provides a patentable utility for the claimed invention. Moreover, it is 
respectfully submitted that based upon this disclosed patentable utility, the present specification 
clearly teaches "how to use" the presently claimed polypeptide and its antibodies. As such, 
Appellants respectfully request reconsideration and reversal of the outstanding rejection of 
Claims 119-123. 

The Commissioner is authorized to charge any fees which may be required, including 
extension fees, or credit any overpayment to Deposit Account No. 08-1641 (referencing 
Attorney's Docket No. 39780-2730 P1C10) . 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000. 
Facsimile: (650) 324-0638 



Respectfully submitted, 
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VIII. CLAIMS APPENDIX 

Claims on Appeal 

119. An antibody that specifically binds to the polypeptide of SEQ ID NO: 175. 

120. The antibody of Claim 119 which is a monoclonal antibody. 

121. The antibody of Claim 119 which is a humanized antibody. 

122. The antibody of Claim 119 which is an antibody fragment. 

123. The antibody of Claim 119 which is labeled. 
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A. Curriculum Vitae of Audrey D. Goddard, Ph.D. 

B. Higuchi, R. et al, "Simultaneous amplification and detection of specific 
DNA sequences," Biotechnology 10:413-417 (1992). 

C. Livak, K.J., et al, "Oligonucleotides with fluorescent dyes at opposite 
ends provide a quenched probe system useful for detecting PCR product 
and nucleic acid hybridization," PCR Methods Appl 4:357-362 (1995). 

D. Heid, C.A. et al, "Real time quantitative PCR," Genome Res. 6:986-994 
(1996). 

E. Pennica, D. et al, "WISP genes are members of the connective tissue 
growth factor family that are up-regulated in Wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors," Proc. Natl Acad. Sci. USA 
95:14717-14722 (1998). 

F. Pitti, R.M. et al , "Genomic amplification of a decoy receptor for Fas 
ligand in lung and colon cancer," Nature 396:699-703 (1998). 

G. Bieche, I. et al, "Novel approach to quantitative polymerase chain 
reaction using real-time detection: Application to the detection of gene 
amplification in breast cancer," Int. J. Cancer 78:661-666 (1998). 

2. Declaration of Avi Ashkenazi, Ph.D. under 35 C.F.R. §1.132, with attached Exhibit A 
(Curriculum Vitae). 

3. Declaration of Paul Polakis, Ph.D. under 35 C.F.R. §1.132 (Polakis I). 
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X. RELATED PROCEEDINGS APPENDIX 

None- no decision rendered by a Court or the Board in any related proceedings identified 

above. 
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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Ashkenazi et al. 


Group Art Unit: 1647 


Serial No.: 09/903,925 


Examiner: Fozia Hamid 


Filed: July 11,2001 


//States Po^'Scmct 


For: SECRETED AND 




TRANSMEMBRANE 




POLYPEPTIDES AND NUCLEIC 




ACIDS 





DECLARATION OF AUDREY D. GODDARD, Ph.D UNDER 37 CF.IL § 1.132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001, 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 



Serial No,: * 
Filed:* 



4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et a!., Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PCR 
Methods Add!.. 4:357-362 (1995) (Exhibit C) and Heid et al, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al, Proc. 
Natl. Acad. Sci. USA 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et al, Nature 
396(67 12):699-703 (1998) (Exhibit F) and Bieche et a/.. Int. J, Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy.- 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date Audrey D. Goddard, Ph.D. 



AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 

650.225.6429 

goddarda@gene.com 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998 - 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility, 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 -1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 
. • Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocyte leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.LW. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel, genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 

Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan XJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number. 5,646,113. Date of Patent: July 8, 1997 



Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P. Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzah.ab MJ. Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Ggrney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001 ) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Hb WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17RM. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S. Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (lL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C. Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA,.Goddard A. Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS. Brush, J, Goddard 
A, de Sa'uvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, AL. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM t Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood.WI, Baker KP ? Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a PCR- Since the fluorescence of 
EtBr increases in the presence of double* 
stranded (ds) DNA an increase in fiaorcs- 
cence in such a PGR indicates a positive 
amplification, which can be eMily irtcmi* 
tored externally* In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously ampUfy specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefit* of PCR 1 to clin- 
ical diagnostics arc well fcttowiy^, it is still not 
widely used in this setting, even Plough it is 
four year* tiuco thcmKwtabl* DNA polymer- 
ase* 4 nWc PCR practical. Some of the reasons for it* slow 
acceptance arc lugh cost, lack of automation of pre-* and 
post- PCR processing steps, and false positive results, from 
arryover-contaminaiion. The first two points arc related 
in that labor is the largest contributor to cost at the present 
stage of PCR development. Most current assays require 
soiwc form of "downstream" processing once tbermocy* 
ding « done in order to determine whether the target 
DNA sequence was present and has amplified, These 
include DNA hybridmoon**, gel dedxopbomtt with or 
without use of restriction digestion 7 '*; HPLCr, or capillary 
electrophoresis 10 . These methods are labor ^intense, have, 
low throughput, and arc difficult to automate. The third 
point is abo closcty related to downstream processing. 
The handling of the FC& product in these downstream 
processes increases the chances that amplified DNA . will 
spread through the typing lab, resulting in a risk of 



"carryover" false positives in subsequent testing . 

These downstream processing steps would be etun> 
nated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays in whkh such different processes take 
place without, the need to separate reaction components 
aavc been termed ^homogeneous*, No truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress toward* this end has been reported. Chehab, et 
al« developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product Allcfc^pecific primers, each with different fluo- 
rescent tags, were used to indicate the genotype of t he 
DNA. However, the unincorporated primers must still be 
removed in a downstream process in order to visualize the 
result Recently, Holland, et al. 13 , developed assay, in 
which the endogenous 5' exodudease assay of Tcq DNA 
polymerase was exploited to cleave a labeled ^ligonudeo- 
tide probe. The probe would only ctove if PCR amplih* 
cation had produced its complementary sequence. In 
order to detect the dcavage products, however, a subse- 
quent process is again needed. 

We have developed a truly homogeneous assay lorPOK 
and PCR product detection based upon the greatly in- 
creased fluorescence that ethidium bromide and other 
DNA binding dyes exhibit when they are bound .tcvcV 
DNA* 4 - 1 *. As outtincd in Figure 1. a pitwotypic PCR 
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R6WtE I Principle of simultaneous aznpfi&Btkm and detection of J 
PCR product The component* of a PCR containing Eu3c thai m 
auorescent arehsted-faBr ttsdf, EtBr bound toother ssDNA ot 
daDN A. There is * large fiuorc^ccfwx enhancement when EtBr Is 
bound to DNA and binding w greatly enhanced when DNA .is 
douhk-srraended. After sumdent <n)..cydes of PGR* the .net 
increase in dsDNA rcsuks in additional EtBr binding, and * net 
increase in total -fluorescence: 
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WW a Gel electrophoresis of POR amplification products of the 
human, tutdear gene, HLA DQd, made in the presence of 
increasing amounts of EtBr (up to 8 pg/ml). The presence of 
£t£r (|^s no obvious effect on utc yield or specificity of amplifi- . 
cation. 





} (A) ftootescence measurement* from PCRs that contain 
0.5 pgfail EtBr and that ate specific for Y^totnosooac repeat 
seaoencct. Five replicate FCRs *ere begun containing each of the 
DNA* specified. At each indicated cyde. one of the five replicate 
PCRs for each DNA *as removed from thermocydmg and Hs 
fluorescence measured, Uniu of fluorescence Are arbitrary. (B) 
UV photography of PCR tubes (0.5 ml Eppcndorf^tylc, pctyprO* 
pykne mtcro<entrifuBc:tubc») contenting reactions, those start* 
ing from 2 ng male DNA and control reactions without any DNA, 
from (A), 



begins with primers that are single-stranded DNA (as- 
X>NA)» dNTPs, aDd DNA polymerase; An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-tell amounts of DNA 17 to 
micrograms per PCR* 8 , If EtBr is present, the reagent* 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr Hsclfc and EtBr bound to the singk^Lrandcd 
DNA primers ami to the double-stranded target DNA (by- 
its intercalation between the stacked bases of the DNA 
doublc^hcn*). After the first denaturation cyde, target 
DNA will be largely single-stranded. After a PCR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several micrograms. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There is also some decrease in the amount of 
ssDNA primer, but because the binding of EtBr to ssDNA 
is much less than to daDNA, the effect of this change on 
the total fluorescence of the sample is small* The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of the amplification vessel 



before and after, or even continuously during, thermocy- 
cHng. 

RESULTS 

PCR in the presence of Etltr. to order to' assess the I 
affect of EtBr to PCR, amplifications of the human HU\ 
DQa gene >9 were performed with the dye present at 
concentrations from 0,06 to 8.0 u.gfml'(a typical concen- 
tration of EtBr used tn staking of nucleic acids following 
gel electrophoresis is 0.5 ug/mf). As shown in Figure 2, gel 
electrophoresis revealed little or no di&crencc in the yield 
or quality of the amplification product whether EtBr wai 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not mhiblt PCR. 

Detection of human Y-chtonkoworaw specific 
cfoences* Sequence-speciBc, fluorescence enhanoement of 
EtBr as a result of PCR was demonstrated in a scries of 
amplifications containing 0.5 ng/m! EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc 2 ^. These PCRs initially contained either 
60 ng male, 60 ng female, 2 ng male human or no DNA. 
Five replicate PCRs were begun for each DNA* After Q, 
1 7, 21 , 24 and 29 cycles of therniocyding, a PCR k>r each 
DNA was removed from the thermocyder, and its. fluo- 
resce nee measured in a spectroflnorometer and plotted 
vs. amplification cyde number (Fig. 3A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cycle number. 
As shown, the fluorescence increased about, three-fold 
over the background fluorescence for the PCRs contain* 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained cither no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versos 2 ng— the fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected swe were made in the male DNA containing 
reactions and that tkile DN A synthesis took place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
tramilhiminstor and photographing them through a red 
filter. This is shown in figure SB lor the reactions thai 
began with 2 ng male DNA and those with no DNA* 

Detection of specific aDcJcfi of the human g-globin 
gene. In order to demonstrate that this approach has 
adequate spedficicy to allow genedc screening, a dttccdon 
of the $id&-ccll anemia mutation was performed. Figure 
4 shows the fluorescence from completed amplifications 

cortta&ing EtBr (0.5 ng/ml) a* dete>et*I by photography 

of the reaction cubes on a UV transuluininator. These 
reactions were performed using pntnerR specific for ci- 
ther the w3d-tvpe or sklde-cell mutation of the human 
p-globin gene* i . The specifioty for each allele is imparted 
by placing the sickle-mutation site at the terminal 3 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, printer extension — and thus anv 
ptincation—can take place only if the 5' nucleotide of the 
primer is conaplc^ncntary to the p-globta allele piatty'- 
Each pair Of aiwpjtncations shown in Figure 4 consists of 
a reaction with either the wild Hype allele spedftc (left 
tube) w skWe-allele specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wild-type {J-globin individual <AA); from a heterozygous 
sickle p-globin individual (AS); and from a homozygous 
sickle p-gtoWo individual (SS). Each DNA (50 ng genome 
DNA to start each PGR) was analyzed in triplicate (3 pai" 
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c f reactions each)* The DMA type vas reflected in the 4 
relative? fluorescence intensities in each pair of completed 
Rm pli£cMk>itt. There was a significant increase in fluores* 
fgfioc only where a p~globin aDele DNA matched the 
primer act. When measured- on a spcctroSnorocnctcr 
(data not shown), this fluorescence was about three times 
jttt present in a PGR where both p-globm alleles were 
mismatched to the primer set* Gel electrophoresis (not 
pfcown) established that this increase in fluorescence was 
<j«e to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for p-globin* There was 
fitdc synthesis of dsDNA in reactions in. which the allele- 
^pedfic primer was mismatched to both alleles* 

Cotirirruovs nM^wtorrog of a PCR. Usiug a fiber optic 
devicefit is possible to direct excitation illumination from 
fl spectrofluorometer to a PGR undergoing thcrmocydiog 
and to return its fluorescence to the jqpeetroftu^romcter. 
The fluorescence readout of such an arrangement, di- 
rected at an Et£r*containing amplification of Y-chromo- 
somc speci6c sequences from 25 rig of human male DNA* 
is shown in Figure 5. The readout from a control PCR' 
whli no target DNA is also shown. Thirty cycles of PCR 
were monitored for each. 

The fluorescence trace as a function of time dearly 
shows the eiTect of the thermocyding. Fluorescence inten- 
sity riser and . falls inversely with temperature* The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°C) and maximum at the anneahn ^extension 
temperature (5(rC). In the negative-control FCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty thermocycte, indicating that there is 
IHtle dsDNA synthesis without the appropriate target 
DNA, and there is .little if any Weaefung of EtBr during 
die continuous illumination of the sample. 

In the PCR containing male DNA, the fluoTcscencc 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds' of thermocyding, and 
continue to increase whh time, indicating that dsDNA is 
being produced at a detectable leveL Note that the fluo- 
rescence minima at the denaturatiou temperature do not 
significantly increase, presumably because at thh temper- 
ature there is no d&DNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs*. 
cenee increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel clcctropho- 
tews showed a DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
queace-Apednc probe can enhance die specificity of DNA 
detevtiuo by PGR. The cHmiootion of these proccK>c? 
means that' the specificity of this homogeneous assay 
depends solely on ihat of rCR. In the case of sickle-cell 
duease, we have shown that PGR ak>ne ha^ sufficient DNA 
sequence specificity to permit genetic screening- Using 
appropriate amplification conditions, there is little non- 
specific production of dsDNA in the abecace of the 
appropriate target allele. 

The specificity required to detect pathogens can be 
more or less than that required* to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA chat must be taken with the 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells*. Corn oared with generic 
screening, which is performed on ceils containing at least 
one copy of the target sequence, HIV Idetecdon requires 
both more specificity and the input of more total 
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WW! 4 UV photography of PCR tubes containing tunpttfcmioiu 
using EtBr that art specific to viWUtypc (A) or ncldc CS> alkie* of 
the hmuD £-globin gcrac. The Idft ol each pair of tubes Contains 
aHcle-spccHic primers to die wild-type aflcies, the right tube 
primers to the sicWe allele. The photc^raph was tafceb after SO 
cycles of PCR, and the input DNAs and the alleles they contain 
are indicated. Fifty »g of DNA was used to begin PCR. Typing 
was done in triplicate (3 pain ofPC&s) for each input DNA: 
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nCVBt 5 Continuous* real-time monitoring of a PCR. A fiber optic 
was oscd to car™ excitation light to a PUR m progress and ai*o 
emitted light back to a flooromctcr (see Experimental jftotocot). 
Amptificadonusiog human malo-DNA specific primers m » PCR 
Starting with 20 ng of human male DNA {top^ of in a control 
PCH without DNA (bottom), were monhorrd. Thirty cyder of 
PGR were followed for each. The temperature cycled between 
94°C (denaturation) and 50*C (annealiog and extension). Note in 
the male DNA PCR, the cycle (tunc) dependent tacrasc in 
fluorescence at the aurtcafir^extenMon temperature. 
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DNA — up to microgram amounts—in order to have suf- 
ficient numbers of target sequences. This large amount of 
starling DMA m an amplification st^ibcanUy increases 
the background fluorescence over which any additional 
fluorescence produced by PCR. must be detected. An 
additional complication that occurs with targets in low 
copy-number is the formation of the "primer-dimer" 
artifact- This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently* Once it occurs the extension product is a 
substrate for PGR amplification, and can compete whh 
true PGR targets if those targets are rare, The primer- 
dimcr product i$ of course dsDNA and thus is a potential 
source of false signal in this homogeneous axsay, 

To increase FOR specificity and reduce the effect of 
prirner-dixner anipUftcanon, we are investigating a num- 
ber of approaches, including the use of ncstod-primer 
amplifications that take place in a single tube 8 , and the 
'"hot-start**, in which nonspecific amplification tt reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 25 . Preliminary results using these ap- 
proaches suggest tbatT>rwncr-dinxcT is effectively reduced 
and it is possible to detect the increase in EtBr fluores- 
cence in a PGR instigated by a single HIV genome in a 
background of 10* cells. With larger numbers of cells, the 
background ftuorescence contributed by genomic DNA 
becomes problematic. To. reduce this background, it may 
be possible to use sequence -specific DNA-binding dyes 
that can be made to preferentially bind PGR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PGR product through a 5' "add-on" to . 
the oligonucleotide primer*'*. 

We nave shown that the detection of fluorescence 
generated by an EtBr-containing PGR is straightforward, 
both once PGR is completed and continuously during 
thermocycHng. The ease with Which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The fluorescence analysis 
of completed PCRs is alrcadypossiblc with existing instru- 
mentation in 96-well formar . In this format, the fluores- 
cence in each PGR can be cjuantitated before, after, and 
even at selected points during thcrmocyciing by moving 
the rack of PCRs to a 96-microwcH plate fluorescence 
reader 4 * 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptfes transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected. Prelimi- 
nary experiments <Higuchi and Dollinger, manuscript in 
preparation) with continuous rnonhormg have shown a 
sensitivity to two*fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screerung-rcontinuous 
monitoring may provide a means of detecting fahc posi- 
tive and false negative result*. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PGR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
result* due to, for example,. inhibition of DNA polymer- 
ase, may be detected by including within each PGR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cled—many more' than are necessary to detect a true 
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positive- If a sample fails to have a ftuorescence increase 
after this many cycles, inhibition may be suspected. Since, 
in this assay, conclusions are drawn based cm the presence 
or absence of flu wcAcence signal alone, such controls may 
be important In any event, before any test based On this 
principle is ready for the clinic, an assessment of tt£ fata 
positive/false negative rates will need to be obtained using 
a large number of known saraptes- 

In summary, the inclusion tn PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PGR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Human HLA-DQa gtne Amplifications containing EtBr, 
PCRs were set up in 100 *4 volumes containing 10 mM Tris-HCI, 
pH 8.3; 50 mM KC1; 4 mM MgC^: « units of Toe DNA 
polymerase (PerVit^EHncr Ccnia. Norwalk, CT); 20 prriole each 
of human HlA-DQa ' gene specific oligonucleotide primers 
OH26 and CH27 19 and approximate^ 10* copies of DQte PCK 
product diluted from a previous reaction. Ethidium bromide 
fEtor; Sigtrcv was used at tbe conccnuations indicated b Figure 
2. Thcrmocyding proceeded for 20 cycles in a modd 480 
thermoevder (Perkin-Elroer Ccm*, Norwalk, CT) using a "step- 
cycle" program of 94*C for 1 min. dcoaturation and &rC for 30 
see. anfKafing and 72*C for 30 sec eaienSton. 

Y-chromasnra>c specific PCR. PCRs (100 ul total reaction 
volume) containing V5 y$w\ EtSr were prepared as described 
for HLA-DQoi, except with different primers and target DNAs. 
These PCRs contained 1 b pmotc each male DN A-specific prtmen 
YI. ) and V and cither 60 ng male, 00 og female, 2 ng male, 
or no human DNA. Thermocydmg was M'CTor 1 min. and 60?C 
for 1 min using a "step-cyde* proffwn. The number of cycles for 
a sampVc were as indicated in Figure 3. Fluoresce dcc measure* 
menf is described below, 

Allde-spccific, human p-glofein gco* PGR* Amplifications of 
100 volume using 05 P^rnX of £tBr were prepared a* 
described for HLA-DQ* above except with different pruncrs and 
target DNAs. These KJRs cotitained eiUrer primer pair HGF?/ 
H£MA <wiW-type globm specific primer*) or HGFSt/HpiHLS (akk- 
Ic-giobin specific primers) at 10 pinole each primer per PCR, 
These primers were developed by Wu ct aL 21 . Three different 
target DNA 5 were u*cd in separate amplifications? — 50 ng each of 
human DNA that was homozygous for the Sickle trail (5S)» DNA 
that was heterozyTOis for the sicWe trait <A$)> or DNA that was 
homozygous for the w.t- £k>b»n (AA). ThermocycnTu» wa* far SO 
cycles at *TC for I min. and 55*C for 1 min. using a ".■rtep^yuk" 
program. An anneaHng temperature of 55°C baUnccn shown by 
Wo et aL 21 to provide alldc^pceific amplification. Completed 
PCRs were phcrtngraphed through a red filter <WraUcn 23A) 
after placing the reaction lubes atop a model TM-36 trantuHucAi- 
nator <UV-producu San-Gabriel, CA>. 

Fh»orescenee measnremeiit. Fl«ore*cet>ec rocasure)raent.i were 
macU on PCRs containing EtBr in a Fluorolog-2 OuoromCtcr 
(SPEX. Ediswn, NJ). Excitation was at the 500 nm band with 
abour 2 nm bandwidth with * OG 43S nm cutoff fiUerjMello 
Crist, Inc.. Irvine. CA) to exclude second-order light ^Emitted 
Ughi was detected at 5^0 nm with a bandwidth of about 7 nm. An 
OG 530 nm cut-off niter Was used to remove the excitation hght 

ContitmouA ftoot^cencc xnoni^ormg of FCR, Q>nrinuous 
monitoring of a PCR in progress was accomplished using the 
spectrofluorometer an<> setdnga dcscribo*! Above as well as a 
nberopoe accessory (SP£X cat. no. 1950) 10 both send «Otauon 
fight to, and receive emitted light from, a FCR placed m a well <fl 
a model 480 rhcrmocyclcr (Pcrkin-Elmer Cetus). The probe end 
of the fiberoptic cable was attached with "5 mm wc-cpoxy* to m 
open top of a PCR tube (a 0.5 ml poivpropyicne centrifuge tube 
with its cap removed) effectively Acakog iC The cXposexTtoP <n 
the PCR tuoc aniJ the end of the fiberoptic caWe were shielded 
from room light and the rooro UghU were kept dimmed during 
each run- The monitored PCR was an amputtcaiion of Y-cb*«- 
fno«dmc-fipcdhc repeat seqvences a.t ekacribed above. cxcc|>t 
using. an anncaHng/extenskm tempera uirc of 50X. Thereacuon 
was covered with mineral oi) (2 drops) to prevent evaporation 
Tberroocyding- and fluorescence rocasuremcat were started si- 
multaneously, A ume-base son with a 10 second intcgrafioi> t»nc 
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ufed and the emission signal was xauoed to' the excitation 
•tanal to control foe chanfce* in lkht*KHircc intcmnty. X>at».wcre 
oSlccicd using the draJOQOf, version (SPEX) data system. 

W« <h*ni Bob Jonoa for help with the spjtctrofiuonnctric 
fntt/mircmcnts and Healherbsll Fong for editing this manuscript. 
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IMMUNO BIOLOGICAL LABORATORIES 



sCD-14 ELISA 

Trauma, Shock and Sepsis 




The CD-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is. a receptor for tipopotysaccharide 
(LPS) complexed to LPS-8lnding-Protein (LBP). The 
concentration of Jts solubiti form is altered under 
certain pathological conditions. There is evidence for 
an important n&ie of $CD-14.with polytrauma, sepsis. 
burning$ and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic marker and is therefore of value in 
monitoring these patients. 



IBL offers an ELISA for quantitative determination of 

soluble CD-14 in human serum, -piasma, cell-culture 

supernatams and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precoated with a specific 
monoclonal antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/mi 
detection limit: 1 ng/mi 
CV: intra- and interassay < 8% 



For more information call or fax 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J. Livak, Susan J.A. Flood, Jeffrey Marmaro, William Ciusti, and Karin Deetz 

Perkin-Eimer, Applied Biosystems Division, Foster City, California 94404 



The 5' nuclease PCR assay detects the 
accumulation of specific PCR product 
by hybridization and cleavage of a 
double-labeled fluorogenlc probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a reporter fluorescent dye and a 
quencher dye attached. An Increase 
In reporter fluorescence intensity In- 
dicates that the probe has hybridized 
to the target PCR product and has 
been cleaved by the 5' ->y nucle- 
olytlc activity of Taq DNA polymerase. 
In this study, probes with the 
quencher dye attached to an internal 
nucleotide were compared with 
probes with the quencher dye at- 
tached to the 3 -end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3 - 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal Is 
caused by Increased likelihood of 
cleavage by Taq DNA polymerase 
when the probe is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 -end nucleotide also exhibited 
an Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybridiza- 
tion probes. 



f\ homogeneous assay for detecting 
the accumulation of specific PCR prod- 
uct that uses a double-labeled fluoro- 
genic probe was described by Lee et al. (l) 
The assay exploits the 5' ^3' nucle- 
olytic activity of Taq DNA poly. 
merase (2 ' 3) and is diagramed in Figure 1. 
The fluorogenic probe consists of an oli- 
gonucleotide with a reporter fluorescent 
dye, such as a fluorescein, attached to 
the 5' end; and a quencher dye, such as a 
rhodamine, attached internally. When 
the fluorescein is excited by irradiation, 
its fluorescent emission will be 
quenched if the rhodamine is close 
enough to be excited through the pro- 
cess of fluorescence energy transfer 
(f ET).< 4 ' 5 > During PCR, if the probe is hy- 
bridized to a template strand, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent 5' 3' nucleolytic 
activity. If the cleavage occurs between 
the fluorescein and rhodamine dyes, it 
causes an increase in fluorescein fluores- 
cence intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence intensity indi- 
cates that the probe-specific PCR product 
has been generated. Thus, FET between a 
reporter dye and a quencher dye is criti- 
cal to the performance of the probe in 
the 5' nuclease PCR assay. 

Quenching is completely dependent 
on the physical proximity of the two 
dyes. <6) Because of this, it has been as- 
sumed that the quencher dye must be 
attached near the 5' end. Surprisingly, 
we have found that attaching a rho- 
damine dye at the 3' end of a probe 
still provides adequate quenching for 
the probe to perform in the 5' nuclease 



PCR assay. Furthermore, cleavage of this 
type of probe is not required to achieve 
some reduction in quenching. Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when double-stranded as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (UN) 
phosphoramidite was obtained from 
Glen Research. The standard DNA phos- 
phoramidites, 6-carboxyfluorescein (6- 
FAM) phosphoramidite, 6-carboxytet- 
ramethyirhodamine succinimidyl ester 
(TAMRA NHS ester), and Phosphalink 
for attaching a 3'-btocking phosphate, 
were obtained from Perkin-EImer, Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesizer (Applied 
Biosystems). Primer and complement 
oligonucleotides were purified using 
Oligo Purification Cartridges (Applied 
Biosystems). Double-labeled probes were 
synthesized with 6-FAM-labeled phos- 
phoramidite at the 5' end, LAN replacing 
one of the T's in the sequence, and Phos- 
phalink at the 3' end. Following de- 
protection and ethanol precipitation, 
TAMRA NHS ester was coupled to the 
lAN-containing oligonucleotide in 250 
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FIGURE 1 Diagram of 5' nuclease assay. Stepwise representation of the 5' - 3' rmdeolyti c ac- 
tivity of Taq DNA polymerase acting on a Autogenic probe during one extension phase of PCR. 



mM Na-bicarbonate buffer (pH 9.0) at 
room temperature. Unreacted dye was 
removed by passage over a PD-10 Sepha- 
dex column. Finally, the double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(HPLC) using an Aquapore C 8 220*4.6- 
mm column with 7-u.m particle size. The 
column was developed with a 24-min 
linear gradient of 8-20% acetonitrile in 
0.1 m TEAA (triethylamine acetate). 
Probes are named by designating the se- 
quence from Table 1 and the position of 
the LAN-TAMRA moiety. For example, 
probe Al-7 has sequence Al with LAN- 
TAMRA at nucleotide position 7 from the 
5' end. 



PCR System* 

All PCR amplifications were performed 
in the Perkin-Elmer GeneAmp PCR Sys- 
tem 9600 using 50-^1 reactions that con- 
tained 10 mM Tris-HCI (pH 8.3), 50 mM 
KC1, 200 p,u dATP, 200 \iu dCTP, 200 »xm 
dGTP, 400 \im dUTP, 0.5 unit of AmpEr- 
ase uracil N-glycosylase (Perkin-Elmer), 
and 1.25 unit of AmpHTaq DNA poly- 
merase (Perkin-Elmer). A 295-bp seg- 
ment from exon 3 of the human (J-actin 



gene (nucleotides 2141-2435 in the se- 
quence of Nakajima-H|ima et al.) (7) was 
amplified using primers AFP and ARP 
(Table 1), which are modified slightly 
from those of du Breuii et al. <B) Actin am- 
plification reactions contained 4 mM 
MgCl 2 , 20 ng of human genomic DNA, 
50 nM Al or A3 probe, and 300 nM each 



primer. The thermal regimen was S0°C 
(2 min), 95*C (10 min), 40 cycles of 9S°C 
(20 sec), 60°C (1 min), and hold at 72°C 
A 515-bp segment was amplified from a 
plasmid that consists of a segment of X 
DNA (nucleotides 32,220-32,747) in- 
serted in the Smal site of vector pUC119. 
These reactions contained 3.5 mM 
MgCl* 1 ng of plasmid DNA, 50 nM P2 or 
P5 probe, 200 nM primer F119, and 200 
nM primer R119. The thermal regimen 
was 50°C (2 min), 95°C (10 min), 25 cy- 
cles of 95°C (20 sec), 57°C (1 min), and 
hold at 72°C 



Fluorescence Detection 

For each amplification reaction, a 40-pJ 
aliquot of a sample was transferred to an 
individual well of a white, 96-well rnlcro- 
titer plate (Perkin-Elmer). Fluorescence 
was measured on the Perkin-Elmer Taq- 
Man LS-50B System, which consists of a 
luminescence spectrometer with plate 
reader assembly, a 485-nm excitation fil- 
ter, and a 515-nm emission filter. Excita- 
tion was at 488 nm using a 5-nm slit 
width. Emission was measured at 518 
nm for 6-FAM (the reporter or R value) 
and 582 nm for TAMRA (the quencher or 
Q. value) using a 10-nm slit width. To 
determine the increase in reporter emis : 
sion that is caused by cleavage of the 
probe during PCR, three normalizations 
are applied to the Taw emission data. 
First, emission intensity of a buffer blank 
Is subtracted for each wavelength. Sec- 
ond, emission intensity of the reporter is 



TABLE 1 Sequences of Oligonucleotides 



Name 


Type 


F119 


primer 


RU9 


primer 


P2 


probe 


P2C 


complement 


P5 


probe 


P5C 


complement 


AFP 


primer 


ARP 


primer 


Al 


probe 


A1C 


complement 


A3 


probe 


A3C 


complement 



Sequence 



ACCCACAGGAACTGATCACCACTC 
ATGTCGCGTTCCGGCTGACGTTCTGC 
TCGCATTAC1 GATCGTrGCCAACCAGTp 
CTACTGGTTGGCAACGATCAGTAATGCGATG 
CGGA'ITTGCTGGTATCTATGACAAGGATp 
TTCATCCTTGTCATAGATACCAGCAAATCCG 

TCACCCACACTGTGCCCATCTACGA 
CAGCGGAACCGCrCATTGCCAATGG 
ATGCCCICCCCCATGCCATCCTGCGTp 
AGACGCAGGATGGCATGGGGGAGGGCATAC 

CGCCCTGGACTTCGAGCAAGAGATp 
CCATCTCTTGCTCGAAGT CCAGGGCGAC 

For each oligonucleotide used in this study, the nucleic acid sequence is given, written ^ .the 
5 ? - 3' direction. There are three types of oligonucleotides: PCR primer, fluorogenic pro* u ed 
in the 5' nuclease assay, and complement used to hybridize to the corresponding probe. For i" 
p^^SX l^ indicates a position where LAN with TAMRA attached was subsn- 
tuted for a T. (p) The presence of a 3' phosphate on each probe. 
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ai-2 RaQgccctcccccatgccatcctgcgtp 

a1-7 ratgcccqcccccatgccatcctgcgtp 

A1-14 RatgccxttcccccaQgccatcctgcgtp 

A1-19 RatgccctcccxtcatgccaQcctgcgtp 

A 1 -22 RATGCCCTCCCCCATGCCATCCQGCGTp 

A 1 -26 RATGCCCTCCCCCATGCCATCCTGCGCb 



Probe 


518 nm 


582 nm 


RQ- 


RQ+ 


ARQ 




no temp. 


+ temp. 


no temp. 


+ temp. 








A1-2 


25.5*2.1 


32.7 ±1.9 


38.2 ± 3.0 


38.2 ± 2.0 


0.67 + 0.01 


0.B6±0.06 


0.19 ±0.06 


A1-7 


53.5 ±4.3 


395.1 ±21.4 


108.5 ±6.3 


110.3 ±5.3 


0.49 ±0.03 


3.58 ±0.17 


3.09 ±0.18 


A1-14 


127.0 ±4.9 


403,5 ±19.1 


109.7 ±5.3 


93.1 ±6.3 


1.16 ±0.02 


4.34 ±0.15 


3.18±0.15 


A1-19 


187.5 ±17.9 


422.7 ± 7.7 


70.3 ±7.4 


73.0 ±2.8 


2.67 ±0.05 


5.80 ±0.15 


3.13 + 0.16 


A1-22 


224.6 ±9.4 


482.2 ± 43.6 


100.0 ±4.0 


96219.6 


2.25 ± 0.03 


5.02±0.11 


2.77 ±0.12 


A1-26 


160.2 ±8.9 


454.1 + 18.4 


93.1 ±5.4 


90.7 ±3.2 


1.72 ±0.02 


5.01 ±0.08 


3.29 ±0.08 



FIGURE 2 Results of 5' nuclease assay comparing p-actin probes with TAMRA at different nucle- 
otide positions. As described in Materials and Methods, PCR amplifications containing the in- 
dicated probes were performed, and the fluorescence emission was measured at 518 and 582 nm. 
Reported values are the average ±1 s.D. for six reactions run without added template (no temp.) 
and six reactions run with template ( + temp.). The RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ" and RQ + values. 



divided by the emission intensity of the 
quencher to give an RQ ratio for each 
reaction tube. This normalizes for well- 
to-well variations in probe concentra- 
tion and fluorescence measurement. Fi- 
nally, ARQ is calculated by subtracting 
the RQ value of the no-template control 
(RQ") from the RQ value for the com- 
plete reaction including template 
(RQ"). 

RESULTS 

A series of probes with increasing dis- 
tances between the fluorescein reporter 
and rhodamine quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease PCR as- 
say. These probes hybridize to a target 



sequence in the human 3-actin gene. 
Figure 2 shows the results of an experi- 
ment in which these probes were in- 
cluded in PGR that amplified a segment 
of the p-actin gene containing the target 
sequence. Performance In the 5' nu- 
clease PCR assay is monitored by the 
magnitude of ARQ, which is a measure 
of the increase in reporter fluorescence 
caused by PCR amplification of the 
probe target. Probe Al-2 has a ARQ value 
that is close to zero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. This sug- 
gests that with the quencher dye on the 
second nucleotide from the 5' end, there 
is insufficient room for Taq polymerase 
to cleave efficiently between the reporter 
and quencher. The other five probes ex- 
hibited comparable ARQ values that are 



clearly different from zero. Thus, all five 
probes are being cleaved during PCR am- 
plification resulting in a similar increase 
in reporter fluorescence. It should be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
in reactions where amplification occurs, 
the majority of probe molecules remain 
uncleaved. It is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRA changes little with 
amplification of the target. This is what 
allows us to use the 582-nrn fluorescence 
reading as a normalization factor. 

The magnitude of RQ" depends 
mainly on the quenching efficiency in- 
herent in the specific structure of the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ" values indi- 
cate that probes AM4, Al-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with A 1-7. Still, the degree 
of quenching is sufficient to detect a 
highly significant increase in reporter 
fluorescence when each of these probes 
is cleaved during PCR. 

To further investigate the ability of 
TAMRA on the 3' end to quench 6-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. For each pair, one probe has 
TAMRA attached to an internal nucle- 
otide and the other has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2. For all three sets, the 
probe with the 3' quencher exhibits a 
ARQ value that is considerably higher 
than for the probe with the internal 
quencher. The RQ" values suggest that 
differences in quenching are not as great 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of 5' Nuclease Assay Comparing Probes with TAMRA Attached to an Internal or 3'-terminal Nucleotide 



518 nm 



582 nm 



Probe 


no temp. 


+ temp. 


no temp. 


+ temp. 


RQ' 




RQ + 


ARQ 




A3-6 


54.6 ± 3.2 


84.8 ± 3.7 


116.2 ±6.4 


115.6 ± 2.5 


0.47 


± 0.02 


0.73 ± 0.03 


0.26 ± 


0.04 


A3-24 


. 72.1 ± 2.9 


236,5 ± 11.1 


84.2 ± 4.0 


90.2 ± 3.8 


0.86 


±0.02 


2.62 ± 0.05 


1.76 ± 


0.05 


P2-7 


82.8 ± 4.4 


384.0 ± 34.1 


105.1 ± 6.4 


120.4 ± 10.2 


0.79 


±0.02 


3.19 ±0.16 


2.40 z 


0.16 


P2-27 


113.4 ± 6.6 


555.4 ±14.1 


140.7 ± 8.5 


118.7 ± 4.8 


0.81 


±0.01 


4.68 ± 0.10 


3.88 ± 


0.10 


P5-10 


77.5 ± 6.5 


244.4 ± 15.9 


86.7 ± 4.3 


95.8 ± 6.7 


0.89 


± 0.05 


2.55 ± 0.06 


1.66 ± 


0.08 


P5-28 


64.0 ± 5.2 


333.6 ± 12.1 


100,6 ± 6-1 


94.7 ± 6.3 


0.63 


± 0.02 


3.53 ± 0.12 


2.89 ± 


0.13 



Reactions containing the indicated probes and calculations were performed as described in Material and Methods and in the legend to Fig. 2. 
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fluorescence of a reporter dye on the 5' 
end. The degree of quenching is suffi- 
cient for this type of oligonucleotide to 
be used as a probe in the 5' nuclease PCR 
assay. 

To test the hypothesis that quenching 
by a 3' TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
measured for probes, in the single- 
stranded and double-stranded states. Ta- 
ble 3 reports the fluorescence observed 
at 518 and 582 nm. The relative degree 
of quenching is assessed by calculating 
the RQ ratio. For probes with TAMRA 
6-10 nucleotides from the 5' end, there 
is little difference in the RQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in RQ. We 
propose that this loss of quenching is 
caused by the rigid structure of double- 
stranded DNA, which prevents the 5* 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg 2 " 1 " effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2 "" concentra- 
tion. With TAMRA attached near the 5' 
end (probe Al -2 or A 1-7), the RQ value at 
0 mM Mg 2 * is only slightly higher than 
RQ at 10 mM Mg 2 *. For probes Al-19, 
Al-22, and Al-26, the RQ values at 0 mw 
Mg 2 * are very high, indicating a much 



reduced quenching efficiency. For each 
of these probes, there is a marked de- 
crease in RQ at 1 mM Mg 2+ followed by 
a gradual decline as the Mg 2 * concen- 
tration increases to 10 mM. Probe Al-14 
shows an intermediate RQ value at 0 mM 
Mg 2 * with a gradual decline at higher 
Mg 2 * concentrations. In a low-salt en- 
vironment with noMg 2 * present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg 2 * ions acts to 
shield the negative charge of the phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
the 3' end is close to the 5' end. There- 
fore, the observed Mg 2 * effects support 
the notion that quenching of a 5' re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the rhodamine dye TAMRA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-FAM) placed at 
the 5' end. This implies that a single- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5' 
end. It should be noted that the decay of 
6-FAM in the excited state requires a cer- 
tain amount of time. Therefore, what 



TABLE 3 Comparison of Fluorescence Emissions of Single-stranded and 
Double-stranded Fluorogenic Probes 



518 nm 



582 nm 



RQ 



Probe 


SS 


ds 


ss 


ds 


ss 


ds 


Al-7 


27.75 


68.53 


61.08 


138.18 


0.45 


0.50 


Al-26 


43.31 ' 


509.38 


53.50 


93.86 


0.81 


5.43 


A3-6 


. 16.75 


62.86 


39.33 


165.57 


0.43 


0.38 


A3-24 


30.05 


578.64 


67.72 


140.25 


0.45 


3.21 


P2-7 


35.02 


70.13 


54.63 


121.09 


0.64 


0.58 


P2-27 


39.89 


320.47 


65.10 


61.13 


0.61 


5.25 


P5-10 


27.34 


144.85 


61.95 


165.54 


0.44 


0.87 


P5-28 


33.65 


462.29 


72.39 


104.61 


0.46 


4.43 



(ss) Single-stranded. The fluorescence emissions at 518 or 582 nm for solutions containing a final 
concentration of 50 nw indicated probe, 10 mM Tris-HCl (pH 8.3), 50 KC1, and 10 mM MgCl 2 . 
(ds) Double-stranded. The solutions contained, in addition, 100 nM A1C for probes Al-7 and 
Al-26, 100 nM A3C for probes A3-6 and A3-24, 100 nw P2C for probes P2-7 and P2-27, or 100 nM 
PSC for probes P5-10 and P5-28. Before the addition of MgC1 2 . 120 ^1 of each sample was heated 
at 9S*C for 5 min. Following the addition of 80 nl of 25 him MgCl 2 , each sample was allowed to 
cool to room temperature and the fluorescence emissions were measured. Reported values are 
the average of three determinations. 



matters for quenching is not the average 
distance between 6-FAM and TAMRA 
but, rather, how close TAMRA can get to 
6-FAM during the lifetime of the 6-FAM 
excited state. As long as the decay time of 
the excited state is relatively long com- 
pared with the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the 5' end because TAMRA is in 
proximity to 6-FAM often enough to be 
able to accept energy transfer from an 
excited 6-FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridization of probes 
Al-26, A3-24, and P5-28 to their comple- 
mentary strands not only causes a large 
increase in rVFAM fluorescence at 518 
nm but also causes a modest increase in 
TAMRA fluorescence at 582 nm. If 
TAMRA is being excited by energy trans- 
fer from quenched 6-FAM, then loss of 
quenching attributable to hybridization 
should cause a decrease in the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation is 
more complex. For example, we have an- 
ecdotal evidence that the bases of the 
oligonucleotide, especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe is the TAMRA 
dye. Evidence for the importance of 
TAMRA is that 6-FAM fluorescence 
remains relatively unchanged when 
probes labeled only with 6-FAM are used 
in the 5' nuclease PCR assay (data not 
shown). Secondary effectors of fluores- 
cence, both before and after cleavage of 
the probe, need to be explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the 5' nuclease 
PCR assay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe in the 
5' nuclease PCR assay. The first factor is 
the degree of quenching observed in the 
intact probe. This is characterized by the 
value of RQ ", which is the ratio of re- 
porter to quencher fluorescent emis- 
sions for a no template control PCR. In- 
fluences on the value of RQ" include 
the particular reporter and quencher 
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FIGURE 3 Effect of Mg 2+ concentration on RQ ratio for the Al series of probes. The fluorescence 
emission intensity at 518 and 582 nm was measured for solutions containing 50 nM probe, 10 mM 
Tris-HCI <pH 8.3), 50 mM KC1, and varying amounts (0-10 mM) of Mgd 2 . The calculated RQ 
ratios (518 nm intensity divided by 582 nm intensity) are plotted vs. MgCl 2 concentration (mM 
Mg). The key (upper right) shows the probes examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter arid quencher 
dyes drastically reduce the cleavage of 
probe/ n 

The rise in RQ" values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ" values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ~ than the in- 
ternal TAMRA probe. For the P2 pair, 
both probes have about the same RQ~ 
value. For the PS probes, the RQ" for the 
3' probe is less than for the internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ~ value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ~. 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and P5 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3' end. This illus- 
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trates the importance of being able to 
use probes with a quencher on the 3' 
end in the 5' nuclease PCR assay. In this 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. By placing 
the reporter and quencher dyes on the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is attached 
to an internal nucleotide, sometimes the 
probe works well (Al-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is being cleaved 3' to 
the quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the 5' nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact, a 2°C-3°C reduction 
in T m has been observed fOT two probes 
with internally attached TAMRAs. (9) This 
disruptive effect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This, tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et al. (1) demonstrated that allele-specific 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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the 5' end and were designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
between reporter and quencher would 
lessen the disruptive effect of m is- 
matches and allow cleavage of the probe 
on the incorrect taxget. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be useful for allelic 
discrimination. 

In this study loss of quenching upon 
hybridization was used to show that 
quenching by a 3' TAMRA is dependent 
on the flexibility of a single-stranded oli- 
gonucleotide. The increase in reporter 
fluorescence intensity, though, could 
also be used to determine whether hy- 
bridization has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
. should also be useful as hybridization 
probes. The ability to detect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
ization assays for diagnostics or other ap- 
plications. Bagwell et al. (l0) describe just 
this type of homogeneous assay where 
hybridization of a probe causes an in- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe sequence to form two imperfect 
hairpins. The results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the other 
end generates a fluorogenic probe that 
can detect hybridization or PCR arhplifi- 
. cation. 
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We have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accu^tio^h^ieh a duaHaM«l nuowtenle probe (i.e. TaqMan fcob* This nu<hod Provides v.ry 
1 and reproducible quantitation of gene copies. Unlike other quantitative PCR ™ 
does nor require poa-PCR sample handling, preventing potential PCR product carryover coniamlnauon and 
resulting In much faster and higher throughput assays. The r»klme PCR method has a W jmlc 
ranfre of starting target molecule determination (at h»*t live orders of magnitude). Real-lime Quantitative 
PCR is extremely accurate and less-labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis has 
had an important rtile in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has bnen used extensively In monitoring 
biological responses to various slimuli Clan ct al. 
1991; Huang et al. 2995a,h; Prud'homme et al. 
1995). Quantitative gen* analysis (DNA) has 
iH-cn used to determine the jjemmie quantity of a 
particular gene, as in the case, ot t lie human H1LR2 
gene, which Is amplified in -30% of breast tu- 
mors (Slaraon ct al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
fur analysis of human immunodeficiency virus 
(J1JV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor «t al. 1993; i'hitak ct al. J9v:$h; 
J-'urrado et al. 199&). 

Many methods have been described for the. 
quantitative analysis ot nucleic ncid sequences 
(both for UNA and DNA; Southern 1 V/6; Sharp ct 
al. 1980; Thomas 19»0). Recently, PGU has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCK have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made pos- 
sible many experiments that could not have been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 
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that It be ioed properly for quantitation (Unuy» 
maekeTs 1995). Many early reports of quantita- 
tive PCK and RT-PCR described quantitation of 
the PCR product but did not measure the Initial 
target sequence quantity. It is essentia] to design 
proper controls for the quantitation of the initial 
target sequences (Pcrrc 1992; Clementl el al. 
100?) 

Kestarchcis have developed several methods 
of quantitative PCR and RT-PCR, Cue approach 
measures PCR product quantity in the l<»g phase 
of the reunion before the plateau (Kellogg ct al. 
1990; Vang et a), 1990). This method requires 
that each sample has equal input amounts of 
nucleic- add and that each sample under analysis 
amplifies with ideiil let) efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in wll samples at relatively constant quan- 
tity such as p-aclln) can be used for sample 1 , 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for both the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-KCR, has been developed 
and Is used widely for PCR quantitation. QC-l'CR 
relies on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Platak cl ol. \99'W>). The efficiency of each re- 
action Is normalized to the internal competitor. 
a innwn amount of iniwriaJ competitor can be 
flOWS Z0S6 091 6*6 XVd 6S:*T ZOOZ/SO/oT 
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added to each sample. To obtain rotative rpiant- 
totlon, ihe unknown target 1'CR product is com - 
pared with the known com pet it en* VCU product. 
Success of a quantitative competitive VCM assay 
reli&s on developing an Internal control Hi a I am- 
jiiiHi-rs with the same efficiency as the laigct inol. 
cx~ulc. The design of the compel Itoi mid the vali- 
dation of amplification efficiencies icqulrc » 
dedicated effort. However, because QC-l'CR does 
not require that PCM pi od nets be f>n idyxed during 
the log phase of the amplification, it is tin: easier 
of the two methods to use. 

Several dt* taction systems uie used for quan 
Utative PCX and RT-!*C:n analysis: (1) agarose 
gels, (2) fluoresce-nl labeling of PGtt products and 
detection with InseT-indueed fluorescence using 
capillary electrophoresis (Kasco el al. 1995; Wil- 
liams et al. 1996) or acrylaiuide gels, and (3) plate 
capture* and sandwich probe hybrid bat it m (Mwl- 
dor el al. 1994;. Although these method?* jmivwl 
successful, each method requires post-l'CR ma- 
nipulations that ackl tliu« to the analysis and 
(nay lead lt» hiuo'atoty i ni it nuii nation. The 
sample throughput of lliiw methods i.s limited 
(with the exception of the plate capture ap- 
proach)* and, therefore, these methods are not 
well suited (at u>cs demanding high sample 
throughput (I.e., screening of large numbers of 

Mou iolcn.u let in analysing Sample:* foj diagnus* 
tic* or clinical trials). 

I lore we report the development of a novel 
uss&y for qtiantltadve r>NA analysis. The assay is 
hased c>n the ust*. of the »5' nuclease assay first 
described l>y Holland et al. (1993). The method 
uses the •*>' nuclease activity of 7V/r/ poly m erase lo 
cleave a noncxtcndlblc hyhridlzniion probe dur- 
ing the extension phase of 1'CU. The. Approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lcc et »»). li>93; Hassler cl al. 1993; Uvak 
el ill, l$9Si>,b). One fluorescent dye serves «s a 
reporter [FAM (i.e., 6-carboxyfluorescein)| and its 
emission spec U a is quenched by the second fluo- 
rescent dye, TAMRA (i.fc., f*-carboxy-ietramethyl~ 
rhodaminc). The nuclease degradation of the hy- 
hrUltoution probe releases the quenching of Ihe 
I'AM fluorescent emission, resulting in an In- 
crease hi peak fluorescent emission at 53 # nm. 
I he use or a sequence d elector (AIM I'lism) allows 
measurement of fluoreM.ent spectra ol ail 96 wells 
of the i normal cycler continuously during the 
VCM amplification. Therefore, the relictions aje 
monitored in real lime. The output data is de- 
scribee) and quantitative uiuilysh of input target 
l)NA sequences 15 discussed below. 



RESULTS 



PGR Product Derectlon in Rwal Time 

The goal was to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasmkl encoding human factor 
VIII gene sequence, pF8TM (»ftc Methods), was 
used as a mode! therapeutic gtme. The assay use* 
fluorescent Taqmaii methodology and an instru- 
ment capable of measuring fluorescence in rr;»l 
time (Aill Prism 7700 Sequence Detector). "Hut 
Taqman reaction requires a hybridization probe 
lalxdcd with two different fluorescent dyes. One 
dye Is a reporter dy« (I'AM), the other ix quench- 
ing dye (TAMRA). When the probt: is intact, fluo- 
icscent energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAKfRA). During the extension 
phase of the 1'CK cycle, the fluorescent hyhrid- 
l/^lion probe Is cleaved by ihe S'-.T nucleolytic 
octlvity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
suit in k b> an In er ease of the reporter dyo fluores- 
cent cini-tslcm wpeetra. I'CR primers und prubufi 
were designed foi the human factor VJ1! se- 
quence and human p-ae.tln gene (as dv.seribed in 
Method*). Optimization reactions were 1 per- 
formed to choose the approprJute probe und 
magnesium concentration* yleldi?)g the highe-si 
httensily of reporter fluorescent sigmil without 
sacrlflciJig specificity. The Instrument uses a 
ch a rgi> coupled device (i.e., CCD camera) for 
measuring the fluorescent emission apeclra from 
500 to CSO nm. ICach rCU lube was monitored 
sequentially for 2.1 m set: whh ccmtlnuous moni- 
toring throughout tht: ainplifieatioii. Eftch lube 
wu« re-cxan dried every K»5 see. Compiitcr s<>H- 
ware. was designed 1o examine the fluorescent In- 
tensity of both the reporter dye (I'AM) and 
the quenching dye (TAMRA). The lluoresecnt 
intensity ot the quenching dye., TAMUA, chunges 
very little nv*r the course of the PCR amplifl- 
cation (data not shown). Therefore, the Intensity 
of TAMUA dye emission serves as ;m internal 
.-v lamia I'd with which lo n on mi! bus the reporter 
dyt: (1 : AM) emission variations. The .software cal- 
culates *i value termed AHn (or AI^Q) using the. 
following equation: ARn - (Un J ) (Rii"), where 
Kn 4 . enil^ton intensity of reporter/emission in- 
tensity of quencher at any given time In n rctie 
tlon lube, and Ru r- emission intensility of re- 



60S6 09i 6^6 X\d 6S^T oOOc/SO/oT 



From : BML 



PHONE No. : 310 472 0905 



Dec. 05 2002 12:22AM P13 



HUD n Al. 



poncr/cnilssiai) Imemilv i>f quencher measured 
prior 10 rCK iimpIiiicaUon in lh;it same reaction 
tube. Tor the purpose of quantitation, the last 
three data points (AKm) collected during the, 
tension step for each K:k cycle were analyzed* 
The micleolytic degradation of the. ityumljaaiion 
probe occurs (luring ihe extension phase of I'tai,- 
and, therefore, reporter fluorescent cwwMun in- 
creases during this time. 'Put Uncu data point* 
were averaged for cacJi K-k cycle and the mean 
value for each was plotted in an '.'amplification 
plot" shown in Figure J A. The AKn mean value \s 
pkMted on Ihe ^axis, and time, represented by 
cycle number, is plotted on tliv^-axix. During the 
early cycles of the VCM amplification, tin- AKn 



value remains at base line When sufficlenl hy- 
bridization probe has hcicn cleaved by the Tito 
polymerase nucle.Afic activity, the intensity of re- 
porter flu in-cvtc.cn t emission inerewtiei» \4oM PGU 
amplifiv-frljans read) a plateau phnur of reporter 
fJuoreM.\!iil cMTiirtsion if the retieliun is carnVd nut 
to high cycle numbeis- The amplification plot iu 
examined eaiiy in lint fraction, at a point IhAt 
icj)jcsent5 the log phase of pnxkiri arcmnula* 
lion. This is done hy assigning an at bib ary 
'threshold thai in bused on the variability of the 
base-line dau. Jn Figure 1 A, the threshold whs set 
ill 10 standard du visions above the mean of 
base lin« endsmon calculated from <yder» 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PGR product detection in real time. [A) The Model 7700 *ullware will construct amplification plcta 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined 1rom the data points collected from the base line of the amplification ploL C, values are 
calculated by determining the point al which the fluorescence exceeds a threshold limit (usually 10 times the 
Standard deviation of the base line). (S) Overlay of amplification plots of serially (1:2) diluted human genomic 
DNA samples amplified with £-actin primers. (Q Input DNA concentration of the samples plotted versus C T . All 
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the amplification plot crowed the thro;:hold'is de 
fined as C r . C, is -reported us the cycle number ui 
till?; point. As will be demonstrated, the C f value 
lit picdiaJve of the quantity of input target. 

Cr Values Provide a Quantitative 'Measurement. o'F 
Inpur Targer Sequences 

Ptgurc IB shows amplification plot* of 3 £* •<liTI«5» f - 

enl PGR amplifications overlaid. 'Hie amplica- 
tions wore performed on a 3:2 serial dilution -uk 
human genomic DNA. The amplified target 
human p actim The amplification )>lotn whifl to 
the right (to higher threshold cycles) as the input 
targol quantity is reduced. 'Hw is expected ho- 
cmukm nw4etlon« with fewer starting rnpim of the 
target molecule require greater amplification to 
degrade enough, probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the C T values. Figure 1C represents the 
C T values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
P(!R amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C r values decrease linearly with increas- 
ing target quantity, Thus, C r values can be used 
as a quantitative measurement of the input target 
numl7er. It should be noted that the amplifica- 
tion plot for the 15.6-ng sample shown hi Mgure 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves endpoini pla- 
teau at a lower fluorescent value than would he 
expected based on the input DNA. This phenom- 
enon has been observed occasionally with other 
samples (da t a not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C t value us 
demonstrated by the fll on Die line shown >n 
Figure* 1 0. All triplicate amplifications resulted in 
very similar G,* values — the standard deviation 
did not exceed 0.5 for any dilution. "This experi- 
ment contains a > 100,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range. oi lluorcsccni in- 
tensity measurement of the AIM I'rism 7700 Se- 
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me n't ft over » very large r^nj»e nf relative waning 
target quantities. 

Sample Preparation Validation 

Several parameters influence the M'llcU-nry nf 
PCM amplification: magnesium and sail concen- 
trations, reaction conditions (i.e., time- and tem- 
perature), PCK target si7.c and composition, 
primer sequences, and sample purity. All of The 
.above (odors are common to a single rCR assay, 
except sample to sample purity, in an effort to 
validate I he method of sample preparation for 
the factor VJ11 assay, PCR amplification reproduo 
ihihty and olflciency of 10 replicate sample 
pre] Mirations were examined. After genomic DNA 
was prepared from Ihe 10 replicate samples, the 
DNA was qunntltatcd by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-nciln 
Kcne. content in 100 and ZS ng of total genomic 
DNA. Each I'CK amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Therefore, each ol the triplicate PCM 
amplifications was highly reproducible, demon- 
strating that real time PCR using this instrumen- 
tation introduces minimal variation into the 
quantitative. J'CU analysis. Comparison of the 
mean C n values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for p*nctin gene quantity. The highest C T 
difference between any of the samples was 
and 0.73 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analysed as indicated by similar 
slopes derived from the sample dilutions (Pig. 2). 
Any sample containing an excess of a VC\( inhibi- 
tor would exhibit a greater measured 3-actln O r 
value for a given quantity of DNA. In addition, 
the Inhibitor would be diluted along with the 
sample in the dilution analysis (hi^, 2), altering 
the expected C, value change. Rach .sample am- 
plification yielded a similar result in the analysis, 
demonstrating* that this method of sample prepa- 
ration is highly reproducible with regard to 
sample purity. 

Quantitative Analvsis of a Plasmid After 
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Tablet 1. Reproducibility of S*mpl« Preparation Method 



100 ng 



25 ng 



Sample 
no. 



7 . 
8 
9 
10 

Mean 



standard 
m&an deviation 



CV 



18,24 
18.23 
".18.33 
1833 
18.35 
18.44 
1S.3 
18.3 
18.42 
18.15 
18.23 
18.32 
18.4 
18.38 
18.46 
18.54 
18.67 
19 

18.2B 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

18.66 

(1 10) 



1 «.27 0.06 



0,06 



18.34 0.07 



18.23 0.OB 



1B.42 0.GA 



18.7>f 0.21 



18.39 0.12 



18.63 0.16 



18.29 0.1 



1 

18.12 



0.12 
0.17 



0,32 

0,3? 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0.5A 

0.65 
0,90 



20.48 

20.55 

20,5 

20.61 

20.59 

20.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20.73 

20.6S 

20.98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



standard 
msan deviation CV 



20.51 0.03 0.17 

70.54 0.11 0.54 

20.54 0.06 0,26 

20.43 0.05 0.26 

20.73 0.13 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0.12 0.57 

20.51 0,07 0.32 

20.73 0.1 0.16 

20.66 0.19 0.94 



tor containing a partial cONA for human factor 
VIII, pl : 8TM. A scries of transections was *ot 
up using a decreasing amount of ihc plasmid v (40, 
4, 0.5, and 0.1 p.g). Twi-.ni>- Tour hours posi- 
on, to till T5NA was purified from each 
flask of irlli. p-Aclin gene quantity was cho>en 
a value for normalikatiwn of xe-numic DNA con- 
centration from each sample, hi this cxpewuKtnt, 
(i-actm gene content should remain constant 
relative to rural genomic DNA. Figure 3 show* tlje 
result of the p-actin ON A measurement (100 ng 
total DNA determined oy ultraviolet spectros- 
copy) Ot eueh sample. Kach s am pip was analyzed 
in triplicate and the mean |i-actin C r values of 
the triplicates were plotted (error bars represent 

«>»v»f*ifif>ii Hpvi^ioni I hf» hlPhnsr (lifrorrnxp 



between any 1 wo sample moan* was 0.1*5 C ( - Ten 
nanograms of total DNA of each sample were also 
exam I tied fur p- act In. The results again shnwed 
that very similar amount* of genomic 1>NA were 
present; the maximum mean Ji act in C*;, value 
difference wa.s 1.0. As Figure 3 shows, the rate of 
P-actlu <;,. change between the 100 and 10-ng 
sample** was simUur (.slope values ran go bwtwoen 
3.56 and -3.45). This verifies again thai the: 
method of .sample preparation yield:; samples of 
identical PCR integrity (S,<£, no sample contained 
an excessive amount of a PCR Inhibitor). How. 
ever, these results Indicate that each sample con 
talned slight diffeienc.es in the actual amount of 
genomic DNA analysed. Determination of actual 
wenomic DNA concentration wos accomplished 
aORM 6^6 YVi 00:ST ZOOZ/SO/gT 
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Figure 2 Soniple preparation purity. 1 he replioatfc 
i^rnples shown In Table 1 wore also amplified Jn 
tripicate using 25 ng of each DNA sample. The fig- 
u»e shows die input DNA concentration (TOO and 
25 ng) vs. C, In ihe liQurp, ihe TOO and ng 
polnu for each sample are connected by a line. 



by plotting the mean £-uetio Cj value obtained 
for eaeh 100- ng setinplv un a p-aclln standard 
i;uive (shown in J'Sg- 40). The actual genomic 
DNA concentration of c«ch sum pic-., was ob 
talncd by extrapolation U> tliu 

Figure- 4 A shows the measured <i.tt v 
normalised) qucinlllie.s of /actor VJ)J plnsinid 
ON A (pltJTM) from each of «lu: four transient cell 
I ran* factions. Kach reaction contained 100 ng of 
total sample DNA (as determined by U V spectros- 
copy}. 1 : .ach sample wus analyze J in triplicate 
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Figure 3 Analybl* of Udiiifectcd cell DNA quantity 
and purity. I he DNA preparations of the- lour 293 
cell transfedions (40, 4, 0.5, and 0.1 of pF8TM) 
were analyzed for the P-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
.sample were amplified in triplicate- For each 
amount of pF8TM that was transacted, the 0-actln 
C T values are plotted versus the total input DNA 



mm 



1>C ;U amplifications. As shown, pl ; 8TM purified 
-huic J be. 29A cells ducreasCK (mean C, values; in- 
euuwu't; with decreasing amounts of plasm Id 
arumlvUed- Thw mean C"^ values obtnined for 
pFBTM inTlgurc 4A wore piotted on a standard 
curve cc»ni prised uf se> hdly diluted pFHTM, 
shown, in figure 4B. The quanllly uJ pFKTM, b, 
found in each of the four UanfcfccllonK was do 
tcrmined by extrapolation to the * axlt; of the 
standard curve In Figure 4H. "nurse uncorrected 
values, b, for pMTI'M were nor mailed 10 deter- 
mine the actual amount of pl'8TM found per 100 
riK of genomic DNA by using the equation:. 

b X 10 0 tig ^ iicUia) pFSITvl copies per 
(/ T 100 ng of genomic DNA 

where a '-actual genomic DNA in u sample and 
U i- pPBTM copies from the standard curve, 'H>e 
notmiiJir.cd quantity of pf/BTM per 100 ng of ge- 
nomic DNA for each of the four iranafccilons Is 
.shown in Figure ^D. n ic.se roulls .-show Uifli the 
quantity' of factor vm plasmid ii^ocJateO wiih 
thC 2^ celJs, 21 Mr after truiusfecl Ui:i.ii:.isu.v 
with dcercaslu}; pJti>miil v.ciiu.enLiaiioo u^ecl In 
ibe traiisfrrtipn. The quantity of pl-'ti'J'M nssoeJ- 
ateo wiih 293 cells, aftcT transfccUon with 40 ixg 
of pl;jsjnid, was 35 pgper 100 ng genomic DNA. 
Tllis results In -520 plasmid copies per eelJ. 



DISCUSSION 

Wo have described a new method for qunntilni- 
ing gene copy numbers using real-time analysts 
of PL'R amplifications. ReaMlmc FCK is compat- 
ible with cither -of the two PC:K (KT-PCR) ap- 
proaclio: (1) quantitative competitive where an 
Iiileuiul coi»ipelhcir for each target sequence iy 
used for nojTrjahjcatlon (data not shown) <jr (2) 
quantiiailvc comparative PCK using u iiwuiicili^a- 
tion gene contained within the sample (i.e., (3-nc- 
tin) ox a "housekeeping" gene for RT-FGK. If 
equal amounts of nucleic odd are analyzed for 
each sample and if the amplification effivirncy 
before quantitative analyst i> identical for each 
sample, the Internal com I ml (nwrmali/'atiou gene 
or competitor) should give eqtud MgnaU for aIJ 
samples. 

The real-time PCU method offers several ad- 
vantaRes over the other two methods currently 
employed (sec the Introduction). First, the real- 
time PGR method is performed in a dosed-tube 
system and requires no post -PGR manipulation 
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FJ 0 ufa 4 Quantitative anolyKi* of pF8TM in transacted cclla. (,4) Amount of 
plasmid DNA uicd for Ihc; trunsfoctlon plotted against the mean C, value deter- 
mined for pfSTM remaining 2-t br alter tronsfection. (0,O Standard curves of 
pPRTM and 0-acUn, respectively. pr#TM DNA (0) and genomic DNA (Q were 
diluted *Arfally 1 ;i before amplification with the oppropriotc primer*. The p-actin 
standard curvo wa* usod to normalise the results of A to 100 ruj of genomic DNA. 
(0) The amount of pFSTM present per 100 »g of genomic DNA. 



of samp)*-. Therefore., Ih«* potent ia) for TCK con- 
tamination in the laboratory is reduced because 
amplified products cum he. ;m*lyr.ed and disponed 
of without opening the refaction tubes. Second, 
this method suppoiU the u.\e of a norriuilixiiUon 
gene (i.e., P-actin) for quantitative. PCR or house- 
keeping genes for Quantitative RT-l'CU controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
K»k phase permits many different genes (over a 
wide input target range) to be analy/cd simulta- 
neously, without concern of reaching reaction 
plateau at different cycle*, This will make iiiulll- 
gene analysis assays much caMv.i to develop, be- 
cause individual internal unnuciiluis will not be 
n ceded for each gene under analysis. Third, 
.tcimplc throughput will inucaw dmruatUrtUy 
with the new method because there is no post- 
VVM processing tunc. Additionally, woi king In a 
96-well format h highly compatible with auto- 
mation technology. 

The real-time PCR method ij> highly repro- 
ducible. Replicate, amplifications can be analyzed 



for ?ach sample minimizing ]>otcntt«l error. The. 
sysntm allows' for a very large assay dynamic 
runge (approaching 1,000,000-fold Marting tin- 
got). Owing a .standard curve for the. target oi in- 
terest; relative copy number values can be Oder- 
mined for any iiukjiuwji *aiupie. Muorv^eeni 
threshold values, G r , cont-Juir. linearly with rela- 
tive DNA copy numbers. Real time quantitative 
KT-P<:K methodology (Cilbson ct al v this Issue) 
ha.i also bc.e.n developed, Finally, real time quan- 
titative J'CU methodology can be used to develop 
high-throughput screening nn.iay.H for ft variety of 
applications [quantitative gene c*pieai>ioii (RT- 
rCtyi 0 cnc copy n^ ay * (WzrZ, IHV, etc.)/ .geno- 
^yp' n 8 (knockout mouse, analysis/and immuno- 
PCUJ. 

Real-time POU may al.%o be j>erformcd using 
intcrcalnhng dye.** (Hlguchi ct al. VW.j such as 
ctJtJditim bromide. The fluorogenic probe 
method offers a major advantage over inter- 
calating dyes- greater specificity (i.e., primer 
dimers and nonspecific PCR products are not de- 
tuned). 
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METHODS 

Generation of <\ Plasmld Containing a Partial 
cDNA lor Human Factor VIII 

Total UNA Wfli hiirvcMed (UN A*ol H fnmi Tol Test, Inc., 
rnendiwood, TX) frum cvll> iiAiwfccled with 4 factor VI 11 
t xjirussHju vv»eJor, pCJS2.lk?.£l> (Koum et M. WHO; Gor. 
mnn r.i al. 1990). A factor VIII partial cliNA wvpimrv WttS 
^t ru.rntcd by ItJ* PCMt |<:<.noAf»p JtX tTlh ItNA W*.U Kit 

(pan NtfOK-or/y, Appiui) tm*y$tcms, Vtmvt <*Uy, t^A)J 

usln£ the !'C:it prioiurs KHfor wml FRfev (pritnrr Kecfiiciire* 

are shown below). Thr amp] Icon w.ts reamplifird ittlng 
modified I'ttfor and Wrcv printers (Hp|x*ntit-<1 with #<«wJIl 
and HimWU restriction site sequences Ht tin- v endj und 
clonal Into jXiKM- 32 (Promi^u t:orp., MudLKOO, WI).The 
resulting done, pPSTM, was used l»r transient transfccilon 

OJ' 293 CClU. 



Amplification of Target DNA ami Detection of 
Amplicpn Factor VIII J'lasmid DNA 

(pFHXM) was *iri| ill fled willi Our jmhik-i* IWw S'-C<;<:- 
m'<K;(^AUAU:JXJA(XilCfTC-3' and l : *rev S'-AAACCT- 
t^OCCmGA'J'CitrrACCi-^'.'IlicrvMt lluji pruduevd ti 
up i<i':k product. The forward primer wan designed Uhiv 
ognly.u a unique M'tpietiii' fwund hi the 5' untranslated 
rejpon of » Ik; patent pC152.ikZ51> pltwuid mid liuncfoic 
doe» not H'taiK"!*". «md amplify ihv human factor VIII 
#ene. Prim or ft woro chosen with tho jmivt;*nrf' of ilv* eom- 
pulcr program Olij;o 1.» (N»lii»iiil llh^oionces, lne„ Ply- 
mouth, MN). The human p-acttn g*»n<' was amplified with 
the prlmeo tt-mtin forward primer V-'VCACWMCACVtlT 
GCCCATCI'AC:c";A-3' and p-actiu reverse p>imci V-CAf;. 
CGGAACCX:crrc:Aru;<:<;AATGG-3\ The reaction pro- 
duced a EV5'hp I'CK product. 

Amplification reactions (SO |J) contained a DNA 
sample. )0x P<;« KufTe.r II (*S 200 tiM dATP, dCTl\ 
<JGT!\ and 400 dl/TP, 4 mM M%a ? , l,7Ji Units AmpJI 
lot) r;NA polymciase, 0.5 unit AmpKnuc uracil N-«ty- 
wwyliw <UNC), 50 pmolvof each fnetoi VIII prlmei, und 15 
pninle of uuc.1i M stcitlrt pilmer. 'I1kt teaetlmu iil«i tuintttlacd 
OIK Of the following detection probe* (WMJ nw rprli): 

j'Hjir<.»i»<- * , <i'AM)Ac:friYrjt:cuc:frr<;rrrr(:'rrr<:rt;T. 

GCCTT(T AMRA)p 3' «ud fj-«i-tin prube 5' <FAM)ATCf.x:t:- 
X(l'AMKA)CCCCr;>MT.t:CATCp-.1' where p indicates 
plmsphoryl/iiiAii nnd X Indicates a linker arm nucleotide. 
Reaction lul>e> w«*n» Micn>A/np t>p(irnl Tulx s s (part JUim- 
I.KT NkOI OD'XZ, Torkin Ulmur) TJiat wore fronted («t IVrtdn 
FJmcr) to pri'vcid tlyKl horn /cflcctln^. Tube copi were 
ilmil.iv in MieroAmp t;nj>s hill specially designed to pre- 
vent ll^hl wrulKTMig. AIU»I Ui<* IHiK ^Mwtuiaubtt * wero tuip- 
|/IU:d 1>y PK Applied ltjt)fty^tcni9 (Po*Ut t'!Wy, CA) except 
ihr fartt»r Vlll priiut-rs, wJileh wnr ny nihpsiwd i\t CeJten 
lech, Inc. (Stn»(h f»i»n Francisco, CA). Probes wen- ilesi^nwl 
using the Cli^f.> 4.0 .software, follvwln}; gutdcllnev kuk* 

j^cmchi in inc Model 7700 .sequence IHMiruw In^muneMl 
muDual. briefly, pmbe T m iJinnltl he nl least 5 U C hlfthrr 
mail ilu* annmllnx KrnipvMtnrc li>ciI durltij; (hfrmul ey- 
rltiig; prhncm should not Iujhi NUhlv duplvxev with the 
prone. 

The xlienijfll rycllng cuiidilioivs Included 2 jiilu at 
StrC.'aild 10 min al 95°C. 'I.liejinal cycling proceeded wltl> 
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react itvnt were performed i»> \ ho Morlnl 7 700 .Sequence 1 V- 
U**i<jf (I*U Apphed ltlus;y!;luiiiv), ufhlrh ciMitxhiv a Oci« * 
A»Up l'< :U SyMvm 9600* Ui:at:llan cemdition^ w«-rr- p\n> 
gruiltlliccl on »i I'uwor Mncinti»b V100 (Apple O.impiilPr, 

Ranto Clara, CA) linked dmrtiy to the Model V?on .S^ 
qucmx* IXilffctor. AnM^ywt* *>f daia w»v aUo iierf/»nn*-d on 
thv Mm-lntosh computer^ C*nllnetlon ami HiinlyKlc cnftwuro 
w»k dc'velnjwl Hi \*\\ Applied UlosyMums. 

Traiwfection of Cells with Factor VIII CoiKtruci 

Vnur V}7$ Haski of 293 cells (ATCO CM. JS73), n human 
fetol Iddney n^peOAion cell line, wvrv ^mwn to 80%, con- 
Mueney anvl tran«fct1ed pt'KI'M. Cells were kumu In tlio 
followlu^ tnedlnt 50% HAM'S ¥\2 withouiGHT, Mn> Ilmm 
glucose JHtJlKtxwVa inndlffrd Ko^le mcdiifin (UMHM) wltlu 
out fjlyant: with sodium bicarbonate, J0% let a I tmvinc 
serum, 2 uim i.^lul<imli>c, and 1% penkiliin-strcptomy- 
i In, The medio w« changed 30 mln t>cfe*«' the Iransfcc 
lion, pl-'UTM DKA Amounts of ^0, 4, OS, and OJ'.^K were 
i»ddcd to ^.S ml of a solution containing 0.125 m C^Cl^; 
And 1 x MKPtiS. The four mix hires were left al room tern- 
|.Hr.n»iijri- fo» to mln and Uh.ii ;*d<U**t dnipwlf.e \t\ die cells. 
The rin>H> wvie intubated at 37°C and SM> C0 2 for 24 hr, 
washed with PUS, jmd ro^uspended In PUS. The rexiiH 
jn*mK:d ccrlh were divided into tdi<|uot!i mid 1>NA wn4 cv- 
tr«c:ted Immediately u»j>k tliv QJAu/np Kim id Kit (Qlafjen. 
<ajalworth, CA), l>NA wus e.hiled Into 200 pd ul 20 n»u' 
TrWlCI ut pll 8.0. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repressible promoter, and (ti) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24«3. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-f61d) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSKt3/3) resulting in an increase in 
/3-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and- binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). APC is phosphorylated by,GSK-3j8, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or j3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-0 superfamily, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwn) y andsiamots 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells. and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF r . transforming growth factor, CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition:. The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF10078I). 
*To whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 /ng of poly(A) + RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 u,g 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISPS were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 u-M of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeIed sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and z-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2 (Act > where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The WISP- specific signal was 
normalized to thai of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-EImer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
l-inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/ Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-1 . The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp injength, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ^40,000 (M T 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 14). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of «*27,000 (M r 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 

C57MQ 



Parent WnM Wm-4 



WISP-1 • 
(J-actin- 




Fic. 1. WISP-1 and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-i, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 /ig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse W^-y-specific probe 
(amino acids 278-300) or a 190-bp WT.S/>- 2- specific probe (nucleotides 
J 438- 1 627) in the 3' untranslated region. Blots were rehybridized with 
human /3-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 
. Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
" human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 3A). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1, WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Eltnl gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-/3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (1GF)- 
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Fic. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
.binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described, to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-] expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-1 and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP- 1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1 , WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B), 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP- I , however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISPS is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (21, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
. assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and. their matched normal mucosa were 




Fig. 5. Amplification of WISP- 1 genomic DNA in colon cancer cell 
lines. {A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 /ig) 
digested with £coRI {WISP-1) or A7>al (c-myc) were hybridized with 
a 100-bp human WISP-I probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to > 25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WlSP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fic. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of. 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., p-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-1 -transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin otyft serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
. tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply. WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
.matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP4! was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down -regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic p-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- " 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with . 
NaCl and diluted into RPM1 growth medium. T-cell-proliferation assays were 
done essentially as described 20,11 . Briefly* after antigen pulsing (30u,gmr' 
TTCF) with tetrapeptides (l-2mgmr l ), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-ceU clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u,Ci of 3 H-thymidineand harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u.g TTCF with 0.25 p.g 
pig kidney legumain in 500 u.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides H1DNEEDI, HIDN(N-glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5 mg reduced, carboxy-methylated human transferrin followed by 
concanavaiin A chromatography". Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
S-SOmUml" 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgrnl -1 a- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG) 3 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc- tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL" 1 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 67 , Apo3L/TWEAK*' v , or OPGL/TRANCE/ 
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RANKL 10 "' 2 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
l.l±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly' all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 M-gml" 1 . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results 13 , activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminai 101 
residues of OPG are not shown. The putative signal cleavage site {arrow}, the 
cysteine-rich domains (CRD l -4), and the AMinked glycosylation site (asterisk) are 
shown, b, Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poly(A)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL, peripheral blood 
lymphocyte. 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes lM_,h . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from -65% to 
— 30%, with half-maximal inhibition at -lu-gmf 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL 17 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 2 Interaction of DcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area). TNFRl-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE, phycoeryth re- 
labelled cells, b. 293 cells were transfected as in a and metabofically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFRi, DcR3 or Fas. 
c, Purified soluble FasL (sFasL) was immunoprecipitated with TNFR 1 -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR) 18 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown), A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the. individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe7 (T 160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG 2J *. 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for . 




Time (h) Inhibitor {\ig mM) 



Figure 3 Inhibition of FasL activity by DcR3. a, Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL:. 5ng ml - '} oligomerized 
with anti-Flag antibody (0.1 jigmP') in the presence of the proposed inhibitors 
DcR3-Fc. Fas-Fc or human IgGl arid assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a. in presence of 1 jtgmr 1 DcR3-Fc (filled circles). Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c, Peripheral blood T cells were stimulated with PHA and interleukin-2, 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl. Fas-Fc, or DcR3-Fc lt0>gmr'). 
After 16 h, apoptosis of CD4* cells was determined (mean * s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with 5, Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 5, Cr (mean ± s.d. for two donors, each in triplicate). 
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Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d. f. g, h, j, k, r), seven squamous-cell carcinomas (a, e, 
m, n. o, p. q). one non-small-cell carcinoma (b), one small-cell carcinoma (t), and 
one bronchial adenocarcinoma (I). The data are means ± s.d. of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-Held image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and Fwd), the 
DcR3-linked marker T160, and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with DcR3. 
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FasL binding; hence» it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL- related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2 ( which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L 19 . Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. Q 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the codirig'regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". * 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL 4 (2 jig), together with pRK5 encoding CrmA 
(2u.g) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fcor TNFRl-Fc and then with phycoerythr in -conjugated 
streptavidiri (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with ( 35 SJcysteine and [ 35 S|methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (10u.M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5|xg), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 u.g) (Alexis) was incubated 
with each Fc-fusion protein ( 1 u,g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 ng) was 
incubated with buffer or with DcR3-Fc (40 u,g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 u.1 aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the .column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3- Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 
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IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound Iigand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICD. CD3 + lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2u.gml" 1 ) for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml"') for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4 + cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with 51 Cr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target -cell death was determined by release of sl Cr in effector- target co- 
cultures relative to release of 3, Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-ampltfication analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and R Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR 11 
using a TaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159). the nearest 
available marker which maps to -500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCITCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 UCT) , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 

Received 24 September; accepted 6 November 1998. 

1. Nagata, S. Apoptosis by death factor. Celt 88, 355-365 (1997). 

2. Smith, C A., Farrah, T. & Goodwin, R. G. The TNF receptor superfamily of cellular and viral proteins: 
activation, costimulation, and death. Cell 76. 959 r 962 (1994). 

3. Simonct, W. S. et ai Osteoprotegerin: a novel secreted protein involved in the regulation of bone 
density. Ceil 89, 309-319 (1997). 

4. Suda, T-, Takahashi, T.. Golstcin, P. & Nagata, S. Molecular cloning and expression of Fas Iigand, a 
novel member of the TNF family. Cell 75, 1169-1 178 (1993). 

5. Pennica, D. et ai Human tumour necrosis factor: precursor structure, expression and homology to 
lymphotoxin. Nature 312. 724-729 (1984). 

6. Pitti, R. M. et at. Induction of apoptosis by Apo-2 Iigand. a new member of the tumor necrosis factor 
receptor family./. Biol. Chem. 271. 12687- 12690 { 1996). 

7. Wiley, S. R. etat. Identification and characterization of a new member of the TNF family that induces 
apoptosis. Immunity 3, 673-682 (1995). 

8. Marsters, S. A. et at. Identification of a Iigand for the death- domain-containing receptor Apo3. Curr. 
Biol. 8, 525-528 (1998). 

9. Chicheportiche. Y. et ai TWEAK, a new secreted Iigand in the TNF family that weakly inducts 
apoptosis. /. Biol. Chem. 272, 32401-32410 ( 1997). 

10. Wong, B. R. etat. TRANCE is a novel Iigand of ihe TNFR family that activates c-Jun-N-terminal kinase 
in T cells. ). Biol. Chem. 272. 25190-25194 (1997). 

11. Anderson. D. M. rr at. A homolog of the TNF receptor and its Iigand enhance T-cell growth and 
dendritic-ceU function. Nature 390, 175-179 ( 1997). 

12. Lacey, D. L. el ai Osteoprotegerin Iigand is a cytokine that regulates osteoclast differentiation and 
activation. Celt 93, 165-176 (1998). 

13. Dhein, J„ Waldak, H., Baumkr. C, Debatin, K. M. & Krammcr, P. H. Autocrine T-cell suicide 
mediated by Apo l/(Fas/CD95). Nature 373, 438-441 (1995). 

14. Arise, H., Arase. N. & Saito, T. Fas-mediated cytotoxicity by freshly isolated natural killer ceils. /. Exp. 
Med. 18), 1235-1238 (1995). 

15. Medvedev, A. E. et ai Regulation of Fas and Fas Iigand expression in NK cells by cytokines and the 
involvement of Fas Iigand in NK7LAK cell-mediated cytotoxicity. Cytokine 9, 394-404 (1997). 

16. Moretta, A. Mechanisms in cell-mediated cytotoxicity. CW/90, 13-18 (1997). 

1 7. Tanaka. M„ Itai, T. Adachi, M. & Nagata, S. Downregualtion of Fas Iigand by shedding. Nature Med. 
4,31-36(1998). 

18. Gelmini, S. et ai Quantitative PCR-based homogeneous assay with fluorogenic probes to measure c- 
crbB-2 oncogene amplification. Clin. Chem. 43, 752-758 (1997). 

19. Emery, J. C. ft ai Osteoprotegerin is a receptor for the cytotoxic Iigand TRAIL /. Biol. Chan. 273, 
14363- (4367 (1998). 

20. Wallach, D. Placing death under control. Nature 38B. 123-125 (1997). 

2 1 . Colloia, F. et ai Intcrleukin- 1 type II receptor: a decoy target for IL- 1 that is regulated by IL-4. Science 
261, 472-475 (1993). 



Nature © Macmillan Publishers Ltd 1998 , 

NATURE | VOL 396 1 17 DECEMBER 1998) www.naturc.com 



letters to nature 



22. Ashkenazi, A. fit Dixit, V. M.. Death receptors: signaling and modulation. Science 281, 1305-1308 
(1998). 

23. Ashkeruzi, A. St Chamow, S. M. Immunoadhesiru as research tools and therapeutic agents. Curt. 
Opin. Immunol 9, 195-200 (1997). 

24. Mamers, S. et at. Activation of apoptosis by Apo-2 ligand is independent of FADD but blocked by 
CrmA. Curr. Biol 6, 750-752 (1996). 

Acknowledgement*. We thank C Clark, D. Pcnnica and V. Dixit for comments, and J. Kern and P. Qutrke 
for tumour specimens. 

Correspondence and requests for materials should be addressed to A.A. (e-mail: aa@gene.com). The 
Gen Dank accession number for the DcR3 cDNA sequence is API 044 19. 



Crystal structure of the 
ATP-binding subunit 
of an ABC transporter 

Li-Wei Hung*, Iris Xiaoyan Wangt, Kishiko Nikaidot, 
Pei-Qi Liut, Giovanna Ferro-Luzzi Amest & Sung-Hou Kim*t 

* E. O. Lawrence Berkeley National Laboratory, t Department of Molecular and 
Cell Biology, and % Department of Chemistry, University of California at Berkeley, 
Berkeley, California 94720, USA 



ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia colt genome 
sequence revealed that the largest family of paralogous £. colt 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and £. co/i u " 8 is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM\ The two HisP 
subunits form a dimer, as shown by their cpoperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity 8 , and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded (3- 
sheet (p3 and (38-p 12) spans both arms of the L, with a domain of a 
a- plus (3-type structure (pi, p2, p4~p7, al and ot2) on one side 
(within arm I) and a domain of mostly ct-helices (oc3-a9) on the 




Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b. View along the two-foid axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I, as shown in a. towards arm II. showing the ATP-binding 
pocket, a-c, The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 29 . N, amino terminus; C. C 
terminus. 
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Gene amplification is a common event in the. progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. I. 
Cancer 78:661-666, 1998. 
© 1998 Wiley-Liss, Inc. . 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et a\.. 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ ( 1 1 q 1 3), and erbB2 ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et al., 1992; 
Schuuring et aL, 1992; Slamon et al., 1987). Muss et al (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in rumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve- is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et al, 1996; Heid et 
al, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et al (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et al, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5' -3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye {i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current, quantitative PCR methods (Celi et al, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why C, is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erfcB2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C t (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C ( and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means 6f CGH (Kallioniemi et al, 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and. is determined as follows: 

copy number of target gene (app, myc, ccndl, erbB2) 

N = ■ ■■ . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et al. (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DNA (Clontech, Palo Alto, OA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan bufTer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCI 2 , 1 .25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 s to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 1 0% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C, and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndJ. and erbBl proto-oncogenes, 
and the p-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found -in breast tumors (Kallioniemi et al., 1994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure I shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (a! least 4 orders of 
magnitude), with samples containing as few as 10 2 copies or as 
many as 10 s copies. 

Copy-number ratio of the 2 reference genes fapp and alty 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the' normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 21q21.2; alb, 4q 1 1 -q 1 3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et al, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1 .6, mean 1 .06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc* ccndl and txbB2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean 0.9 1 ± 6. 1 9) for erbB2. Since N values 
for myc, ccndl and erbB2 in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erb52 gene dose in breast-tumor DNA 

myc, ccndl and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbB2 (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (TI33) and non-amplified (Tl 18). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbB2 and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and er6B2 in I case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbB2 copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbB2). No such decrease in copy 
number was observed with the other 2 proto-oncogenes, 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (1 myc, 6 ccndl and 4 erbB2) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erbBl GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


3:5 


myc 

ccndl 

erbB2 


0 
0 

5 (4.6%) 


97 (89.8%) 11 (10.2%) 
83 (76.9%) 17(15.7%) 
87 (80.6%) 8(7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, wc validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et al, 1 994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et al, 1 990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formal in- fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C x to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C, ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-lime PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et al, 
1996; Slamon et al, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et al, 1994). (//) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns et al, 1 992; Borg et al, 1 992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et al ( 1 992) and Courjal et al 
(1997). (iv) The maxima of ccndl and erbB2 over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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22.1 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Til 8 (EI 2, C6, black squares), Tl 33 (Gil. B4, red squares) 
and TI45 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment. Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table U. 



30-foid maximum) (Bernse/crA, 1992; Borgefa/., 1 992; Courjal et 
al, 1 997). (v) The erbB2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et al, 1 995; Deng et al, 1996;Valeron 



et al, 1 996). Our results also correlate well with those recently 
published by Gelmini et al ( 1 997), who used the TaqMan system to 
measure erbB2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
. FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




r*ccna i/QiD 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


mi 


10092 


10137 


375. 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









1 For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy namber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erb&2) observed by means of real-time 
quantitative PCR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al. 1992; 
Slamon era/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region ( 1 7q2I ) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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. . . . Ashkenazi. A., and Weller, M. Eradication of intracranial human malignant 

glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483 (1999). 

54. Hymowitz, S.G., Christinger, H.W, Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
. R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 

. Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P., Utsch, M.R, Hurst, A., Totpal, K., Ashkenazi. 
A., de Vos, A.M., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2I/rRAIL. Biochemistry 39, 633- 
640 (2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., MitcheU, J.B., Stetler-Stevenson, M., 
AshkenazirA.. and Steeg, P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cycliriD l. Cancer Res. 60, 2611-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P;, Kim, J., and 
Ashkenazi. A. Apo2IVTRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1, 37-41 (2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazu A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologies BCMA and TACL Curr'Biol 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi, A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-5 12 (2000). 

61 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, KL, Shih, D. Mounhd, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi, A. Differential hepatocyte toxicity of 
recombinant Apo2I/TRAIL versions. Nature Med. 7, 383-385 (2001). 

62. , Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 

■ ; Koeppen, H., Ashkenazi A ., and Kim, K.J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4, </. Immunol. 
.166,4891-4898(2001). 

63 . Pollack, I.F., Erff, M ., and Ashkenazi, A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001): 

64. Wang, H., Marsters, S. A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., *Ashkenazi_A., and *Grewal, LS. TACI-ligand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol!, 632-637 (2001); 

65. Kischkel, F.C., Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Arnott, D., and Ashkenazi, A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. 
Biol Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J., Schow, P., 
Fong, S , Schwall, R., Sinicropi, D., and Ashkenazi, A T umor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-28 1 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G., Sliwkowski, 
M., Ashkenazi, A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J: Immunol. 170, 4854-4861 (2003). 



8 




68. Varfolomeev, E., Kischkel, R, Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi. A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: J 

1 . Ashkeiiazi. A.. Peralta, E:, Wirislow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 

\ Spring Harbor Symposium on Quantitative Biology. LHI, .263-272 (1 988). 

2. Ashkenazi, A .. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol ScL Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, I, Allen, D., Eichberg, J., Byrn, 
R., Capon, D., Ward, R., and Ashkenazi, A . CD4 immunoadhesins in anti-HIV 

■ therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. ' Ashkenazi, A ., Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol 10 y 

217-225(1993). 

5. Ashkenazi, A ., and Peralta, E. Muscarinic Receptors. Jn Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A . 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock. J. Biotechnology in Healthcare 1,197-206(1994). 

8. Ashkenazi, A ., and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
EnzimologyS, 104-115 (1995). 

9. Chamow, S., and Ashkenazi, A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52-60 (1996). 

10- Ashkenazi, A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200 (.1997). 

1 1 • Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281,1305-1308(1998). 

12. Ashkenazi, A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell Biol 11, 255-260 (1999). 
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13. Ashkenazh A . Chapters on Apo2L/TRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 

Online Cytokine Handbook (www.apnet.com/cvtokinereference/) . 
14; Ashkenazi, A , Targeting death and decoy receptors of the tumor necrosis factor 

superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlano, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 (2003). 

16. Ahriasan, A. and Ashkenazi A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine arid Growth Factor Reviews 14, 337-348 
(2003). ' \ V : 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi, A ., eds., John Wiley and 
: Sons Inc.) (1999). : " 

Talks: 

1 . Resistance of primary HIV isolates to CD4 is independent of CD4-gpl20 binding 
affinity. UCSD Symposium, HTV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. BBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor hnmunoadhesins for the Treatment of Sepsis. EBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1993. 

6. Protective efficiacy of TNF receptor immuhoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon^ signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immunologists Conference. San 
Franciso, CA, July 1995. 

8. hnmunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

1L Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3: anovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1 997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of Immunologists. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
May 1998. 

21. ApoZL as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
. \ CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23: Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 

26. Apoptosis control by death and decoy receptors. American Society for . 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999, 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Syinposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. , 

30. The Apo2I7TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

3 L Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA; June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L7TRAIL. The Protein Society, 14 th Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2I7TRAlL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39^ Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 

Minisymposium, NIH. Bethesda, MD, September 2000. 
40. Death receptors: signaling and modulation. Keystone symposium on the 

Molecular basis of cancer. Taos, NM, Jan 2001 . . 
41 : . Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 

in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2I/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
. Organization conference, San Diego, CA, Jun 2001. 

46. Apo2I/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH; Oct 2001 . 

49. * Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, CA, Oct 200 L 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. ' 

51 . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international, 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apb2I7TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55; Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 



1 . Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994)' ; 

2. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
' reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999): 

4. Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., ; Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6^1 24,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A: APO-2 Receptor. US patent 6,342,369 (Jan 29, 2002). 

9. • Ashkenazi, A. Fong, S., Goddard, A., Gumey, A., Napier, M., Tumas, D., Wood, W: 

A-33 polypeptides. US patent 6,410,70$ (Jun 25, 2002). 

10. Ashkenazi* A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

. 12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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DECLARATION OF PAUL POLAKIS, Ph.D. 



I, Paul Polakis, Ph.D:, declare and say as follows: 

1. I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
bom me diagnosis and treatment of cancer in humans. 

3. As part of me Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 

— significantly higher levels-than-irt corresponding-normal human^cells. To date^ we- 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code arid that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 



Dated: S/o^/of 



SV 2031 808 vl 



Paul Polakis, Ph~D. 
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EDUCATION: 
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PROFESSIONAL EXPERIENCE: 

2002-preseht Staff Scientist, Genentech, Inc 

S. San Francisco, CA 



Senior Scientist, Genentech, Inc., 
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PUBLICATIONS: 

1. Polakis, P G. and Wilson, J. E. 1982 Purification of a Highly Bindable Rat Brain 
Hexokinase by High Performance Liquid Chromatography. Biochem. Biophys. 
Res. Commun. 107, 937-943. 

2. Polakis, P.G. and Wilson, J. E. 1984 Proteolytic Dissection of Rat Brain 
Hexokinase: Determination of the Cleavage Pattern during Limited Digestion with 
Trypsin. Arch. Biochem. Biophys. 234, 341-352. 

3. Polakis, P. G. and Wilson, J. E. 1985 An Intact Hydrophobic N-Terminal 
Sequence is Required for the Binding Rat Brain Hexokinase to Mitochondria. Arch. 
Biochem. Biophys. 236, 328-337. 

4. Uhing, RJ. f Polakis,P.G. and Snyderman, R. 1987 Isolaton of GTP-binding 
Proteins from Myeloid HL60 Cells. J/ Biol. Chem. 262, 15575-15579. 

5. Polakis, P.G., Uhing, R.J. and Snyderman, R. 1988 The Formylpeptide 
Chemoattractant Receptor Copurifies with a GTP-binding Protein Containing a 
Distinct 40 kDa Pertussis Toxin Substrate. J. Biol. Chem. 263, 4969-4979. 

6. Uhing, R. J., Dillon, S., Polakis, P. G., Truett, A. P. and Snyderman, R. 1988 
Chemoattractant Receptors and Signal Transduction Processes in Cellular and 
Molecular Aspects of Inflammation ( Poste, G. and Crooke, S. T. eds.) pp 335-379. 

7. Polakis, P.G., Evans, T. and Snyderman 1989 Multiple Chromatographic Forms 
of the Formylpeptide Chemoattractant Receptor and their Relationship to GTP- 
binding Proteins. Biochem. Biophys. Res. Commun. 161, 276-283. 

8 Polakis, P. G., Snyd^an,^rand Evans7 T. 1989 Chara^ 
GTP-binding Protein Containing a Novel Putative Nucleotide Binding Domain. 
Biochem. Biophys. Res. Comun. 160, 25-32. 

9. Polakis, P., Weber,R;F., Nevins,B., Didsbury, J. Evans,T. and Snyderman, R. 
1989 Identification of the ral and rad Gene Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 16383-16389. 

10. Snyderman, R., Perianin, A., Evans, T., Polakis, P. and Didsbury, J. 1989 G 
Proteins and Neutrophil Function. In ADP-Ribosylating Toxins and G Proteins: 
Insights into Signal Transduction. ( J. Moss and M. Vaughn, eds.) Amer. Soc. 
Microbiol, pp. 295-323. 



11. Hart, M J., Polakis, P.G., Evans, T. and Cerrione, RA 1990 The identification 
and Charaterization of an Epidermal Growth Factor-Stimulated Phosphorylation of a 
Specific Low Molecular Mass GTP-binding Protein in a Reconstituted Phospholipid 
Vesicle System. J. Biol. Chem. 265, 5990-6001 . 

12. Yatani, A., Okabe, K M Polakis, P. Halenbeek, R. McCormick, F. and Brown, A. 
M. 1990 ras p21 and GAP Inhibit Coupling of Muscarinic Receptors to Atrial K + 
Channels. Cell. 61, 769-776. 

13. Munemitsu, S., Innis, M.A., Clark, R., McCormick, F., Ullrich, A. and Polakis, 
P.G. 1990 Molecular Cloning and Expression of a G25K cDNA, the Human Homolog 
of the Yeast Cell Cycle Gene CDC42. Mol. Cell. Biol. 10, 5977-5982. 

14. Polakis, P.G. Rubinfeld, B. Evans, T. and McCormick, F. 1991 Purification of 
Plasma Membrane-Associated GTPase Activating Protein (GAP) Specific for rap- 
1/krev-1 from HL60 Cells. Proc. Natl. Acad. Sci. USA 88, 239-243. 

15. Moran, M. F., Polakis, P., McCormick, F., Pawson, T. and Ellis, C. 1991 Protein 
Tyrosine Kinases Regulate the Phosphorylation, Protein Interactions, Subcellular 
Distribution, and Activity of p21ras GTPase Activating Protein. Mol. Cell. Biol. 11, 
1804-1812 

16. Rubinfeld, B., Wong, G., Bekesi, E. Wood, A. McCormick, F. and Polakis, P. G. 

1991 A Synthetic Peptide Corresponding to a Sequence in the GTPase Activating 
Protein Inhibits p21 ras Stimulation and Promotes Guanine Nucleotide Exchange. 
Internatl. J. Peptide and Prot. Res. 38, 47-53. 

17. Rubinfeld, B., Munemitsu, S., Clark, R., Conroy, L, Watt, K., Crosier, W., 
McCormick, F., and Polakis, P. 1991 Molecular Cloning of a GTPase Activating 
Protein Specific for the Krev-1 Protein p21 ra P 1 . Cell 65, 1033-1042. 

18. Zhang, K. Papageorge, A., G., Martin, P., Vass, W. C, Olah, Z., Polakis, P., 
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SECOND DECLARATION OF PAUL POLARIS; Ph.D. 

I, Paul Polakis, Ph.D., declare and say as follows: 

I am currently employed by Genetuech, Inc, where my job title is Staff 
Scientist. 

Since joining Genemeeh in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research 
project with a primary focus on identifying tumor cell markers thar find use 
as targets for both the diagnosis and rreatmenr of cancer in humane. 

As I stated in ray previous Declaration dated May 7, 2004 (attached as 
Exhibit A), my laboratory has been employing a variety of techniques, 
including microarray analysis, to identify genes which are differentially 
expressed in human tumor tissue relative to normal human tissue. The 
primary purpose of this research is to identify proteins that are abundantly 
expressed on certain human tumor tissue(s) and that are either (i) not 
expressed, or (ii) expressed at detectably lower levels on normal tissue(s)! 

In the course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor tissue 
at significantly higher levels than in normal human tissue. To date, we 
have successfully generated anybodies that bind to 31 of the tumor antigen 
proteins expressed from these differentially expressed gene transcripts and 
have used these antibodies to quantitatively determine the level of 
production of these tumor antigen proteins in both human tumor tissue and 
normal tissue. We have then quantitatively compared the levels of mRNA 
and protein in both the tumor and normal tissues analyzed. The results of 
these analyses are attached herewith as Exhibit B. In Exhibit B, * V means 
that the mRNA or protein was detectably overexpressed in the tumor tissue 
relative to normal tissue and means that no detectable overexpression 
was observed in the tumor tissue relative to normal tissue. 

As shown in Exhibit B, of the 31 genes identified as being detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the mRNA leveL 28 of them (i.e., greater than 90%) are also detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the protein level . As such, in die cases where we have been able to 
quantitatively measure both (i) mRNA and (ii) protein levels in both (i) 
tumor tissue and (ii) normal tissue, we have observed that in rhe vast 
majority of cases, there is a very strong correlation between increases in 
mRNA expression and increases in the level of protein encoded by that 
mRNA. 



6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4-5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRN A in a tumor 
tissue relative to a normal tissue more often than not correlates to a similar 
increase in abundance of the encoded protein in the tumor tissue relative to 
the normal tissue. In fact, it remains a generally accepted working 
assumption in molecular biology that increased mRN A levels are more 
often than not predictive of elevated levels of the encoded protein. In fact, 
an entire industry focusing on the research and development of therapeutic 
antibodies to treat a variety of human diseases, such as cancer, operates on 
this working assumption, 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be 
true, and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Tide 18 of the United States 
Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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EXHIBIT A 

DECLARATION OF PAUL POLARIS, Ph.D. 
I, Paul Polakis, Ph.D., declare and say as follows: 

1. I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1 984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job tide is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part ofthe Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of die research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microaiTay analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have gene rated antibodies that bind to about 30 of the tumor antigen proteins 

expressed trom these differentially express^^ene-transcripts^d^iaveiased these 

antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the riiRNA and protpin expression analyses described in paragraphs 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including thedata discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the val idity of the application or any patent issued 
thereon. 
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ABSTRACT 

Genetic changes underlie tumor progression and may lead to cancer- 
specific expression of critical genes. Over 1100 publications have de- 
scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected arc known. Here, we performed high-resolution CGH analysis on 
cDNA microarrays in breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantitate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 Independent am pi Icons, ranging in size from 0.2 to 12 
Mb. Throughout the genome, both high- and low-level copy number 
changes had a substantial impact on gene expression, with 44% of the 
highly amplified genes showing ovcrexpression and 10.5% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplification. These 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the HOXB7 gene, 
the presence of which In a novel ampllcon at 17q2U was validated in 
10.2V* of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpresalon Is attributable to gene amplification. 
These genes may provide Insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7,8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Fig. 1. Impact of gene copy number on global gene expression level*. A. percentage of 
over- and undcrcxprcsscd genes (Y axis) according to copy number ratios (X axis). 
Threshold values used for over- and underexpression were >2.184 (global upper 7% of 
the cDNA ratios) and < 0.4826 (global lower 7% of the expression ratios). B. percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were > 1 .3 and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10). However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



3 The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcription-PCR. 
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Fig. 2. Gcnomc-wlde copy number and expression analysis in the MCF-7 breast cancer cell line. A, chromosomal CCH analysis of MCF-7. The copy number ratio profile {blue 
line) across the entire genome from lp telomere to Xq telomere is shown along with £ 1 SD {orange lines). The black horizontal lint indicates a ratio of 1 0; red Une. a ratio of 0.8; 
and green tine, a ratio of 1.2. £~C genome-wide copy number analysis in MCF-7 by CGH on cDNA microarray. The copy number ratios were plotted as a function of the position 
of the cDNA clones along the human genome. In B % individual data points are connected with a line, and a moving median of 10 adjacent clones is shown. Red horizontal line, the 
copy number ratio of 1 .0. In C, individual data points are labeled by color coding according to cDN A expression ratios. The bright red dots indicate the upper 2%, and dark red dots, 
the next 5% of the expression ratios in MCF-7 cells (overexpressed genes); bright green dots indicate the lowtet 2%, and dark green dots, the next 5% of the expression ratios 
(underexpressed genes); the rest of the observations are shown with black crosses. The chromosome numbers are shown at the bottom of the figure, and chromosome boundaries are 
indicated with a dashed line. 



sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND ^ETHODS 

Breast Cancer Cell Lines, Fourteen breast cancer cell lines (BT-20, BT- 
474. HCC1428. Ha578t, MCF7, MDA-361, MDA-436, MDA-453, MPA-468, 
SKBR-3, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA), Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Micro arrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (1 1-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known 
genes. CGH experiments on cDNA microarrays were done as described (14, 
IS). Briefly, 20 p.g of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with Alul and Rsa\ (Life Technol- 
ogies, Inc., Rockville, MO) and purified by phenol/chloroform extraction. Six 
Hg of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with CyS-dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, Inc.). Hybridization (14, 15) and 
posthybridization washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty fig of reference RNA were 
labeled with Cy3-dUTP and 3.5 fig of test mRNA with Cy5-dUTP, and the 
labeled cDN As were hybridized on microarrays as described (13,15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DE ARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (I.e.. copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test and 
reference intensity <100 fluorescent units and'or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define cutpoints for increased/ 
decreased copy number. Genes with CGH ratio > 1 .43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0.73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alterations on gene expression, we applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled I for amplification (ratio, > 1-43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signaMo-noise 
statistics (-1). We calculated a weight n» r for each gene as follows: 

where m gX , <r Bl and m^, cr^ denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cDNA Clones and Ampllcon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 141. 6 A database of genomic sequence alignment information 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets. Amplicons were defined as a CGH copy number ratio >2.0 in at least two 
adjacent clones in two or more ceil lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amp 1 icon start and end positions were 



6 Internet address: htrp-y/rcKarch.nhgri.nih.gov/micro^ 

7 Internet address: www.gcnome.ucsc.edu. 
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Table I Summary of independent amplicons in 14 breast cancer ceil lino by 
CGH microarrvy 



Location 


Start (Mb) 


End (Mb) 


Size (Mb) 


lp 1 3 


132.79 


132.94 


0.2 


jq2l 


173.92 


177.25 


3.3 


\q22 


179.28 


179.57 


0.3 


3pl4 


71.94 


74.66 


2.7 


7pl2. 1 — 7p 1 \2 


55.62 


• 60.95 


5.3 


7q31 


125.73 


130.96 


5.2 


7q32 


140.01 


140.68 


0.7 


8q21.ll-8q21.13 


86.45 


92.46 


6.0 


8q21.3 


98.45 


103.05 


4.6 




129.88 


142.15 


123 


8q24.22 


151.21 


152.16 


1.0 


9pi3 


38.65 


39.25 


0.6 




77.15 


81.38 


42 


16q22 


86J0 


87.62 


0.9 


17qll 


29.30 


30.85 


1.6 


I7ql2-q2l.2 


39.79 


42.80 


3.0 


!7q2IJ2-q2l.33 


52.47 


55.80 


33 


I7q22-q23.3 


63.81 


69.70 


5.9 


|7q23.3-q24.3 


69.93 


74.99 


5.1 


19ql3 


40.63 


41.40 


0.8 


20ql 1.22 


34.59 


35.85 


13 


20ql3.12 


44.00 


45.62 


1.6 


2l)ql3.l2-ql3.l3 


46.45 


49.43 


3.0 


20ql3.2-ql3.32 


51.32 


59.12 


7.8 



CGH were validated, with lq21, J7qlZ— q21.2, 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most comanonly amplified. Furthermore, 
the boundaries of these amplicons wetre precisely delineated. In ad- 
dition, novel amplicons were identified at 9pl3 (38.65-39.25 Mb), 
and 17q21.3 (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target Genes* 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression «iata on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pl l-pl2 (Fig. 3^4). In BT-4 74, the two known amplicons 
at I7ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3fl). In addition, several genes, including the 
homeobox genes HOXB2 and HOXB 7, were highly amplified in a 
previously undescribed independent amplicon at 17q21.3. HOXB7 
was systematically amplified (as validated by FISH, Fig. 35. inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthermore, this novel 



extended to include neighboring oonamplified clones (ratio, <1.5). The am- 
plicon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpcctrumOrange (Vysis, Downers Grove, IL), and Spectrum- 
Orange-labeled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
(18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the N1H. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using- the Kaplan-Meier method 
and the log-rank test. 

RT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promcga Corp., Madison, Wl) with 10 ng of mRNA 
as a template. HOXB7 primers were 5 '-G AGCAGAGGGACTCGGACTT-3 ' 
and 5 ' -GCGTC AGGTAGCG ATTGT AG-3' . 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH raicroarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e., belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. I A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. \B). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 
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Fig. 3. Annotation of gene expression data on CGH microarray profile*. A, genes in the 
7p1 1 -pi 2 amplicon to the MDA-468 cell line are highly expressed {red dots) and Include 
the EGFR oncogene. B. several genes in the 17q]2, 17q21,3, and I7q23 amplicons in the 
BT-474 breast cancer cell line ire highly overexpressed {red) and include the HOXB 7 
genc. The data labels and color coding arc as indicated for Fig. 2C. Insets show 
chromosomal CGH profiles Tor the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR (red) and chromosome 7 
centromere probe {green) to MDA-468 (A) and HOXB7-tpc*ific probe {red) and chro- 
mosome 17 centromere (green) to BT-474 cells (JB). 
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Fig. 4. Usi of 50 s«wa with a statistically 
significant correlation (a value <0.05) between 
gene copy number and gene expression. Name, 
chromosomal location, and the a value for coch 
gene are indicated. The genes have been ordered 
according to their position in the genome. The color 
maps on the right illustrate the copy number and 
expression ratio patterns in the 14 cell line*. The 
key to the color code is shown at the bottom of the 
graph. Gray squares, missing values. The complete 
list of 270 genes is shown in supplemental Fig. B. 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P = 0.001). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 151 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications applying CGH 9 (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 



* Internet address: http://www.geiiMntology.orgf. 



4 Internet address: http://www.iwbi.nlin.nih.gov/entrcz. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulanon of gene expression patterns in 
cancer may be equally important if not more important than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The CGH microarray analysis identified 24 independent breast 
cancer amp! icons. We defined the precise boundaries for many am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the bomeobox gene region at I7q21.3 and led to the over- 
expression of the HOXB7 and HOXB2 genes. The horaeodomain 
transcription factors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer celts and increased 
tumorigenicity and angiogenesis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing —2% of all genes on the array), including not only 
previously described amplified genes, such as HER-2, MYC % 
EGFRy ribosomal protein s6 kinase, and AJB3, but also numerous 
novel genes such as NRAS-related gene (lpl3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql 3. 1), whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map of 24 independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification. Characterization of a novel amplicon at 
17q2l.3 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between HOXB7 amplification and poor patient prognosis. Overall, 
our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development. 
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Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wWe microarray comparative genomic hybrid* 
Ization (array CGH) analysis of DNA copy number variation in 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6,691 mapped human genes, in 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 
the quantitative analysis of amplicon shape provide significant 
improvement in the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation In gene copy number contributes to 
variation in gene expression In tumor cells. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number influences gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2-fold change in DNA copy number Is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation in gene expression among the breast 
tumors is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast cancer cell lines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[e.g. FGFR1 (8pll) f MYC (8q24) ( CCND1 (llq!3), ERBB2 
(17ql2), and ZNF217 (20ql3)] and tumor suppressor genes 
[RBI (13ql4) and TP53 (I7pl3)], the relevant gene(s) within 
other regions (e.g., gain of lq, 8q22, and 17q22-24, and loss of 
8p) remain to be identified. A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that wc and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays. we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cell lines. Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
mas, with more than 50% being lymph node positive. The 
fraction of tumor ceils within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www.pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by ethanol precipitation. 

DNA Labeling and Microarray Hybridizations, Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack et al (7), with slight modifications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. 'Test* DNA 
(from tumors and cell lines) was fluorescently labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e^ UniGene clusters). The 
"reference" (labeled with Cy3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePix scanner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using scanaiaze 
software (available at http://rana.Ibl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 



Abbreviation: CGH. comparative genomic hybridization. 
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identifying the starting position of the best and longest match of 
any DN A sequence represented in the corresponding UmGene 
cluster (10) against the "Golden Path" genome assembly 
(http://genome ucsc.edu/; Oct 7 f 2000 Freeze). For UmGene 
clusters represented by multiple arrayed elements, mean fluo- 
rescence ratios (for all elements representing the same UmGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "mean-centered" (Unreported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
aenes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the dran 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g., 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 

12964 | wvw.pnas.ofg/egl/dol/10.l073/pna$,162471999 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig, 16), as we did before 
m demonstrated the sensitivity of our method to detect single- 
copy loss (45, XO), and 13- (47,XXX), 7, « 
2.5-fold (49.XXXXX) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig la), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally tower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readBy iden- 
tifiable. For example, gains within lq. 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cefl lines/tumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/^^^' 
M as were losses within lp, 3p, 8p, and 13q (80%/24*>, 
80%/22%, 80%/22%, and 70%/18%, respectively), consistent 
with published cytogenetic studies (refc. 2-4; a complete listing 
of gains/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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Fig.2. DNAcopynumberarterationa^ 

of X chromo«m«, for breast cancer cell line., and for breast tumors. Brea* cancer cell line, and tumors are 

highlight recurrent copy number changes. The 241 genes present on the mlcroarray* and mapping to chromosome B ^^^J^TJ^.^ 
Jc^some-nuoresce^ce ratios (te«/7eference) are depicted by e tog, pseudocolor ^ 
Increased; gree^dec^ 

of samples displaying the DNA copy number change). The map portions for o*n« of i"*"^ " "< ^^^^l^SS ?Eo*££ mto 
row above those geVi« represented on the array. (b> Graphical display of DNA copy number profile for breast cancer cell lint SKBR3. Fluorescence ratios 
(tumor/normal) are plotted on a log 2 scale for chromosome 8 genes, ordered along the chromosome. 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P = 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P - 0.04), and harboring TP53 mutations (P = 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web site). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
unchaxacterized oncogene (Fig. 2a). The complexity of ampltcon 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes whhin an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor representations 
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*g, 3. Concordance b«wen DMA copy number .nd gene expression aao» chromosome 17. ^^-^^.tan^^ 

are illustrated for breast cancer cell lines and tumor* Breast cancer cell lines and tumor, are separate* ordered * y-""^ 

idento^mple order Is m**t^ 

end mRNA levels were determined, are ordered by position along the chromosome; selected genes are Indicated In cok>r<oded text (see Fig. 2 legend}. 
Fluorescence ratios (test/Terence) are depicted by separate iog 2 pseudocolor scales (indicated). 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression are quite concordant; a significant 
fraction of highly amplified genes appear to be correspondingly 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web site) 
arc found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
r tests comparing adjacent classes: cell lines, 4 x 1(T 49 , 1 x 10" 49 , 
5 x 10-'. 1 x 10-*; tumors, 1 x 10" 43 , 1 x l<r 2M ,5 x lO" 41 . 
1 X 10" 4 ). A linear regression of the average iog(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1.4- and 1.5-fold changes in mRNA 
level for the breast cancer cell lines and tumors, respectively (Fig. 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 46). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 46) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Ffg. 4, Genome-wide Influence of DNA copy number alteration* on mRNA ieveis. (a) For breast cancer cell lines (gray) and tumor samples (black), both 
rnearWentered mRNA fluorescence ratio (log, scale) quartlles <bo* plots indicate 25th. 50th, and 75th percentile) and averages Wtornonds; V-vatue error bars 
Indicate standard errors of the mean) are plotted for each of five dasses of genes, representing DMA deletion (tumor/normal ratk>< 0.6% no change (08-1.2). 
low- (1 2-2) medium- (2-4). and high-level (>4) amplification. P values for pair-wise Student's t tests, comparing averages between adjacent dasses (moving 
lefttoriohi are4 x 10^, 1 x lO^Ts X 10^. 1 x 10"»(ceU lines), and 1 x 10"«. 1 x nr»« 5 x 10-" 1 x 10~* (tumors). Cb) Distribution of correlatiom between 
DNA copy number and mRNA levels, for 6.095 different human genes across 37 breast tumor samples, (0 PW observed ^^^^J^^^^!^ 
The expected values were obtained by randomization of the sample labels in the DNA copy number data set The line of unity is Indicated, (d) Percent variance 
in gene expression (among tumors) directly explained by variation In gene copy number. Percent variance explained j^ 1 ?^* 
(gray line) are plotted for different fluorescence intensity/background (a rough surrogate for signal/noise) cutoff values. Fraction of data reUinedb relative 
to the 1.2 Intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation in gene expression ^ attributable to 
underlying DNA copy number alteration can be found in the supporting information (see EstimsVng the fraction of V*ri*tk>n in Gene expression Attributsble 
to Underlying DNA Copy Number Attention). • 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement error on this estimate by using only that fraction 
of the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. Ad). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNA nucroarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression, we believe our findings are likely to be gencraiizable 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips et oL (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et ai (15) recently reported that in metastatic 
colon rumors only -4% of genes within amplified regions were 
found more highry (>2-fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-foid increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et a!. (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity amplicons, effectively overcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in turaor- 
igenesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mapping of ampli- 
con boundaries and shape [to identify the "driving" gene(s) 
within amplicons (16)], on a large number of samples, in addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA copy.number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients* tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this finding supports 
a possible role for widespread DNA copy number alteration in 
tumorigenesis (17, 18), beyond the amplification of specific 
oncogenes and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stochioroetric relationships in cell metabolism and physiology 
(e.g., proteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 
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Review 

Paul a. Haynes Proteome analysis: Biological assay or data archive? 

Steven P. Gygi 

p 3n l^ P^ eyS I a ^ n tms review we examine the current state of proteome analysis. There are 

Aebersold three main issues discussed: why it is necessary to study proteomes; how pro- 

teomes can be analyzed with current technology; and how proteome analysis 
Department ol Molecular can be used tQ enhance biological research. We conclude that proteome anal- 

wSZ 8 lS I ISA ysis is an essential t0Gl in the understanding of regulated biological systems. 

Washington, Seattle, wa, u^a Current technology, while still mostly limited to the more abundant proteins, 

enables the use of proteome analysis both to establish databases of proteins 
present, and to perform biological assays involving measurement of multiple 
variables. We believe that the utility of proteome analysis in future biological 
research will continue to be enhanced by further improvements in analytical 
technology. 

Contents resolution two-dimensional gel electrophoresis (2-DE), 
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1 Introduction 

A proteome has been defined as the protein complement 
expressed by the genome of an organism, or, in multicel- 
lular organisms, as the protein complement expressed by a 
tissue or differentiated cell [I]. In the most common im- 
plementation of proteome analysis the proteins extracted 
from the cell or tissue analyzed are separated by high 
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Keywords: Proteome / Two-dimensional polyacrylamide gel electro- 
phoresis / Tandem mass spectrometry 



2 Rationale for proteome analysis 

The dramatic growth in both the number of genome 
projects and the speed with which genome sequences 
are being determined has generated huge amounts of 
sequence information, for some species even complete 
genomic sequences ([15-17]). The description of the 
state of a biological system by the quantitative measure- 
ment of system components has long been a primary 
objective in molecular biology. With recent technical 
advances including the development of differential dis- 
play-PCR [18], cDNA microarray and DNA chip techno- 
logy [19, 20] and serial analysis of gene expression 
(SAGE) [21, 22], it is now feasible to establish global and 
quantitative mRNA expression maps of cells and tissues,, 
in which the sequence of all the genes is known, at a 
speed and sensitivity which is not matched by current 
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protein analysis technology. Given the long-standing 
paradigm in biology that DNA synthesizes RNA which 
synthesizes protein, and the ability to rapidly establish 
global, quantitative mRNA expression maps, the ques- 
tions which arise are why technically complex proteome 
projects should be undertaken and what specific types of 
information could be expected from proteome projects 
which cannot be obtained from genomic and transcript 
profiling projects. We see three main reasons for pro- 
leome analysis to become an essential component in the 
comprehensive analysis of biological systems, (i) Protein 
expression levels are not predictable from the mRNA 
expression levels, (ii) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, and (iii) proteomes 
are dynamic and reflect the state of a biological system. 

2.1 Correlation between mRNA and protein expression 
levels 

Interpretations of quantitative mRNA expression profiles 
frequently implicitly or explicitly assume that for specific 
genes the transcript levels are indicative of the levels of 
protein expression. As part of an ongoing study in our 
laboratory, we have determined the correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the yeast Saccharomyces cerevisiae 
growing at mid-log phase (S. P. Gygi et a/., submitted for 
publication). mRNA expression levels were calculated 
from published SAGE frequency tables [22]. Protein 
expression levels were quantified by metabolic radiola- 
beling of the yeast proteins, liquid scintillation counting, 
of the protein spots separated by high resolution 2-DE 
and mass spectrometric identification of the protein(s) 
migrating to each spot. The selected 80 samples consti- 
tute a relatively homogeneous group with respect to pre- 
dicted half-life and expression level of the protein pro- 
ducts. Thus far, we have found a general trend but no 
strong correlation between protein and transcript levels 
(Fig. I). For some genes studied equivalent mRNA trans- 
cript levels translated into protein abundances which 
varied by more than 50-fold. Similarly, equivalent steady- 
state protein expression levels were maintained by trans- 
cript levels varying by as much as 40-fold (S. P. Gygi 
et al. 9 submitted). These results suggests that even for a 
population of genes predicted to be relatively homoge- 
neous with respect to protein half-life and gene expres- 
sion, the protein levels cannot be accurately predicted 
from the level of the corresponding mRNA transcript. 

2.2 Proteins are dynamically modified and processed 
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Figure I. Correlation between mRNA and protein levels in yeast cells. 
For a selected population of 80 genes, protein levels were measured 
by 3S -S-radiolabeling and mRNA levels were calculated from publi- 
shed SAGE tables. Inset: expanded view of the low abundance region. 
For more experimental details, also see Figs. 5 and 6, (S. P. Gygi et at., 
submitted). 



are important indicators for the state of the system. The 
type of protein modification and the sites modified at a 
specific cellular state can usually not be determined 
from the gene sequence alone. 

2.3 Proteomes are dynamic and reflect the state of a 
biological system 

A single genome can give rise to many qualitatively and 
quantitatively different proteomes. Specific stages of the 
cell cycle and states of differentiation, responses to 
growth and nutrient conditions, temperature and stress, 
and pathological conditions represent cellular states 
which are characterized by significantly different pro- 
teomes. The proteome, in principle, also reflects events 
that are under translational and post-translational con- 
trol. It is therefore expected that proteomics will be able 
to provide the most precise and detailed molecular des- 
cription of the state of a cell or tissue, provided that the 
external conditions defining the state, are carefully deter- 
mined. In answer to the question of whether the study 
of proteomes is necessary for the analysis of biomolec- 
ular systems, it is evident that the analysis of mature pro- 
tein products in cells is essential as there are numerous 
levels of control of protein synthesis, degradation, 
processing and modification, which are only apparent by 
direct protein analysis. 



In the mature, biologically active form many proteins are 
post-translationally modified by glycosylation, phosphor- 
ylation, prenylation, acylation, ubiquitination or one or 
more of many other modifications [23] and many pro- 
teins are only functional if specifically associated or com- 
plexed with other molecules, including DNA, RNA, pro- 
teins and organic and inorganic cofactors. Frequently, 
modifications are dynamic and reversible and may alter 
the precise three-dimensional structure and the state of 
activity of a protein. Collectively, the state of modifica- 
tion of the proteins which constitute a biological system 



3 Description and assessment of current proteome 
analysis technology 

3.1 Technical requirements of proteome technology 

In biological systems the level of expression as well as 
the states of modification, processing and macro-molec- 
ular association of proteins are controlled and modu- 
lated depending on the state of the system. Comprehen- 
sive analysis of the identity, quantity and state of modifi- 
cation of proteins therefore requires the detection and 
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quantitation of the proteins which constitute the system, 
and analysis of differentially processed forms. There are 
a number of inherent difficulties in protein analysis 
which complicate these tasks. First, proteins cannot be 
amplified. It is possible to produce large amounts of a 
particular protein by over-expression in specific cell sys- 
tems. However, since many proteins are dynamically 
post-translationally modified, they cannot be easily am- 
plified in the form in which they finally function in the 
biological system. It is frequently difficult to purify from 
the native source sufficient amounts of a protein for 
analysis. From a technological point of view this trans- 
lates into the need for high sensitivity analytical tech- 
niques. Second, many proteins are modified and pro- 
cessed post-translationally. Therefore, in addition to the 
protein identity, the structural basis for differentially 
modified isoforms also needs to be determined. The dis- 
tribution of a constant amount of protein over several 
differentially modified isoforms further reduces the 
amount of each species available for analysis. The com- 
plexity and dynamics , of post-translational protein edit- 
ing thus significantly complicates proteome studies. 
Third, proteins vary dramatically with respect to their 
solubility in commonly used solvents. There are few, if 
any, solvent conditions in which all proteins are soluble 
and which are also compatible with protein analysis. This 
makes the development of protein purification methods 
particularly difficult since both protein purification and 
solubility have to be achieved under the same condi- 
tions. Detergents, in particular sodium, dodecyl sulfate 
(SDS), are frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with SDS 
is a big advantage of SDS polyacrylamide gel electro- 
phoresis (SDS-PAGE) over other protein separation 
techniques. Thus, SDS-PAGE and two-dimensional gel 
electrophoresis, which also uses SDS and other deter- 
gents, are the most general and preferred methods for 
the purification of small amounts of proteins, provided 
that activity does not necessarily need to be maintained. 
Lastly, the number of proteins in a given cell system is 
typically in the thousands. Any attempt to identify and 
categorize all of these must use methods which are as 
rapid as possible to allow completion of the project 
within a reasonable time frame. Therefore^ a successful, 
general proteomics technology requires high sensitivity^ 
high throughput, the ability to differentiate differentially 
modified proteins, and the ability to quantitatively dis- 
play and analyze all the proteins present in a sample. 

3.2 2-D electrophoresis - mass spectrometry: a common 
implementation of proteome analysis 

The most common currently used implementation of 
proteome analysis technology is based on the separation 
of proteins by two-dimensional (IEF/SDS-PAGE) gel 
electrophoresis and their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
spectrometry (MS/MS). In 2-DE, proteins are first separ- 
ated by isoelectric focusing (IEF) and then by SDS- 
PAGE, in the second, perpendicular dimension. Separ- 
ated proteins are visualized at high sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins. 2-DE gels are, at present, the most commonly 
used means of global display of proteins in complex 



samples. The separation of thousands of proteins has 
been achieved in a single gel [24, 25] and differentially 
modified proteins are frequently separated. Due to the 
compatibility of 2-DE with high concentrations of deter- 
gents, protein denaturants and other additives promoting 
protein solubility, the technique is widely used. 

The second step of this type of proteome analysis is the 
identification and analysis of separated proteins. Individ- 
ual proteins from polyacrylamide gels have traditionally 
been identified using AMerminal sequencing [26, 27], 
internal peptide sequencing [28, 29], immunoblotting or 
comigration with known proteins [30). The recent dra- 
matic growth of large-scale genomic and expressed 
sequence tag (EST) sequence databases has resulted in a 
fundamental change in the way proteins are identified by 
their amino acid sequence. Rather than by the traditional 
methods described above, protein sequences are now fre- 
quently determined by correlating mass spectral or 
tandem mass spectral data of peptides derived from pro- 
teins, with the information contained in sequence data- 
bases [31-33]. 

There are a number of alternative approaches to pro- 
teome analysis currently under development. There is 
considerable interest in developing a proteome analysis 
stragegy which bypasses 2-DE altogether, because it is 
considered a relatively slow and tedious process, and 
because of perceived difficulties in extracting proteins 
from the gel matrix for analysis. However, 2-DE as a. 
starting point for proteome analysis has many advan- 
tages compared to other techniques available today. The 
most significant strengths of the 2-DE-MS approach 
include the relatively uniform behavior of proteins in 
gels, the ability to quantify spots and the high resolution 
and simultaneous display of hundreds to thousands of 
proteins within a reasonable time frame. 

A schematic diagram of a typical procedure of the identi- 
fication of gel-separated proteins is shown in Fig. 2. Pro- 
tein spots detected in the gel are enzymaticaily or chemi- 
cally fragmented and the peptide fragments are isolated 
for analysis, as already indicated, most frequently by MS 
or MS/MS. There are numerous protocols for the gener- 
ation of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice [28, 34] or digestion after electrotransfer out 
of the gel onto a suitable membrane ([29, 35—37] and 
reviewed in [38]). In most instances either technique is 
applicable and yields good results. The analysis of MS or 
MS/ MS data is an important step in the whole process 
because MS instruments can generate an enormous 
amount of information which cannot easily be managed 
manually. Recently, a number of groups have developed 
software systems dedicated to the use of peptide MS 
and MS/MS spectra for the identification of proteins. 
Proteins are identified, by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra of individual peptides with data con- 
tained in DNA or protein sequence databases. 

The systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by narrow bore or capillary liquid chromatog- 
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fiiiure 2. Schematic diagram of a procedure for identification of gel- 
scparated proteins. Peptides can either be separated by a technique 
such as LC or CE, or infused as a mixture and sorted in the MS. Data- 
base searching can either be performed on peptide masses from an 
MS spectrum, peptide fragment masses from CID spectra of peptides, 
or a combination of both. 



raphy [39, 40] or capillary electrophoresis [411, the anal- 
ysis of the separated peptides by electrospray ioniza-. 
lion (ESI) MS/MS, and the correlation of the generated 
peptide spectra with sequence databases using the 
SEQUEST program developed at the University of Wash- 
ington [32, 33). The system automatically performs the 
following operations: a particular peptide ion character- 
ized by its mass-to-charge ratio is selected in the MS out 
of all the peptide ions present in the system at a parti- 
cular time; the selected peptide ion is collided in a colli- 
sion cell with argon (collision-induced dissociation, 
CID) and the masses of the resulting fragment ions are 
determined in the second sector of the tandem MS; this 
experimentally determined CID spectrum is then corre- 
lated with the CID spectra predicted from all the pep- 
tides in a sequence database which have essentially the 
same mass as the peptide selected for CID; this correla- 
tion matches the isolated peptide with a sequence seg- 
ment in a database and thus identifies the protein from 
which the peptide was derived. There are a number of 
alternative programs which use peptide CID spectra for 
protein identification, but we use the SEQUEST system 
because it is currently the most highly automated pro- 
gram and has proven to be successful, versatile and 
robust. 

3.3 Protein identification by LC-MS/MS, capillary 
LC-MS/MS and CE-MS/MS 

It has been demonstrated repeatedly that MS has a very 
high intrinsic sensitivity. For the routine analysis of gel- 
separated proteins at high sensitivity, the most signif- 
icant challenge is the handling of small amounts of 
sample. The crux of the problem is the extraction and 
transferal of peptide mixtures generated by the digestion 
of low nanogram amounts of protein, from gels into the 
MS/MS system without significant loss of sample or 
introduction of unwanted contaminants. We employ 
three different systems for introducing gel-purified sam- 
ples into an MS, depending on the level of sensitivity 



required. As an approximate guideline, for samples con- 
taining tens of picomoles of peptides, LC-MS/MS is 
most appropriate; for samples containing low picomole 
amounts to high femtomole amounts we use capillary 
LC-MS/MS; and for samples containing femtomoles or 
less, CE-MS/MS is the method of choice. 

3.3.1 LC-MS/MS 

The coupling of an MS to an HPLC system using a 
0.5 mm diameter or bigger reverse phase (RP) column 
has been described in detail [42]. This system has several 
advantages if a large number of samples are to be ana- 
lyzed and all are available in sufficient quantity. The 
LC-MS and database searching program can be run in a 
fully automated mode using an autosampler, thus maxi- 
mizing sample throughput and minimizing the need for 
operator interference. The relatively large column is 
tolerant of high levels of impurities from either gel prep- 
aration or sample matrix. Lastly, if configured with a 
flow-splitter and micro-sprayer [40], analyses can be per- 
formed on a small fraction of the sample (less than 5%) 
while the remainder of the sample is recovered in very 
pure solvents. This latter feature is particularly useful 
when an orthogonal technique is also used to analyze 
peptide fractions, such as scintillation of an introduced 
radiolabel, and this data can be correlated with peptides 
identified by CID spectra. 

3.3.2 Capillary LC-MS 

An increase of sensitivity of approximately tenfold can be 
achieved by using a capillary LC system with a 100 urn ID 
column rather than a 0.5 mm ID column as referred to 
above. Since very low flow rates are required for such 
columns, most reports have used a precolumn flow split- 
ting system for producing solvent gradients. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables the formation 
of reproducible gradients at very low flow rates (low 
nL/min) without the need for flow splitting (A. Ducret 
et.al., submitted for publication). Using this capillary 
LC-MS/MS system we were able to identify gel-separat- 
ed proteins if low picomole to high femtomole amounts 
were loaded onto the gel [40]. This system is as yet not 
automated and, like all capillary LC systems, is prone to 
blockage of the columns by microparticulates when ana- 
lyzing gel-separated proteins. 

3.3.3 CE-MS/MS 

The highest level of sensitivity for analyzing gel-sep- 
arated proteins can be achieved by using capillary elec- 
trophoresis - mass spectrometry (CE-MS). We have de- 
scribed in the past a solid-phase extraction capillary elec- 
trophoresis (SPE-CE) system which was used with triple 
quadrupole and ion trap ESI-MS/MS systems for the 
identification of proteins at the low femtomole to sub- 
femtomole sensitivity level [43, 44]. While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has hot been automated. In order to devise an 
analytical system with both the sensitivity of a CE and 
the level of automation of LC, we have constructed 
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figure 3. Schematic illustration of a 
microfabricated analytical system for CE, 
consisting of a micromachined device, 
coated capillary electroosmotic pump, 
and microelectrospray interface. The 
dimensions of the channels and reservoir 
are as indicated in the text. The channels 
on the device were graphically enhanced 
to make them more visible. Reproduced 
from {451, with permission. 



microfabricated devices for the introduction of samples 
into ESI-MS for high-sensitivity peptide analysis. 

The basic device is a piece of glass into which channels 
of 10-30 urn in depth and 50-70 urn in diameter are 
etched by using photolithography/etching techniques 
similar to the ones used in the semiconductor industry. 
(A simple device is shown in Fig. 3). The channels are 
connected to an external high voltage power supply [45). 
Samples are manipulated on the device and off the 
device to the MS by applying different potentials to the 
reservoirs. This creates a solvent flow by electroosmotic 
pumping which can be redirected by changing the posi- 
tion of the electrode. Therefore, without the need for 
valves or gates and without any external pumping, the 
flow can be redirected by simply switching the position 
of the electrodes on the device. The direction and rate of 
the flow can be modulated by the size and the polarity 
of the electric field applied and also by the charge state 
of the surface. . 

The type of data generated by the system is illustrated in 
Fig. 4, which shows the mass spectrum of a peptide sample 
representing the tryptic digest of carbonic anhydrase at 
290 fmoI/uL. Each numbered peak indicates a peptide suc- 
cessfully identified as being derived from carbonic an- 



hydrase. Some of the unassigned signals may be chemical 
or peptide contaminants. The MS is programmed to auto- 
matically select each peak and subject the peptide to CID. 
The resulting CID spectra are then used to identify the 
protein by correlation with sequence databases. Therefore, 
, this system allows us to concurrently apply a number of 
protein digests onto the device, to sequentially mobilize 
the samples, to automatically generate CID spectra of 
selected peptide ions and to search sequence databases 
for protein identification. These steps are performed auto- 
matically without the need for user input and proteins can 
be identified at very low femtomole level sensitivity at a 
rate of approximately one protein per 15 min. 

3.4 Assessment of 2-DE-MS proteome technology 

Using a combination of the analytical techniques de- 
scribed above we have identified the 80 protein spots 
indicated in Fig. 5. The protein pattern was generated by 
separating a total of 40 microgram of protein contained 
in a total cell lysate of the yeast strain YPH499 by high 
resolution 2-DE and silver staining of the separated pro- 
teins. To estimate how far this type of proteome analysis 
can penetrate towards the identification of low abun- 
dance proteins, we have calculated the codon bias of the 
genes encoding the respective proteins. Codon bias is a 
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Figure 4. MS spectrum of a tryptic digest 
of carbonic anhydrase using the microfa- 
bricated system shown in Fig. 3. 290 
fmol/uL of carbonic anhydrase tryptic 
digest was infused into a Finnigan LCQ 
ion trap MS. Each peak was selected for 
CID, and those which were identified as 
containing peptides derived from car- 
bonic anhydrase are numbered. Repro- 
duced from (451, with permission. 
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figure _v 2-DE separation of a lysate of yeast cells, with identified proteins highlighted. The first dimension of separation was an IPG from 
pll 3-10, and the second dimension was a 10%T SDS-PAGE gel. Proteins were visualized by silver staining. Further details of experimental 
procedures are included in S. P. Gygi et at. (submitted). 



calculated measure of the degree of redundancy of trip- 
let DNA codons used to produce each amino acid in a 
particular gene sequence. It has been shown to be a 
useful indicator of the level of the protein product of a 
particular gene sequence present in a cell [46]. The gen- 
eral rule which applies is that the higher the value of the 
codon bias calculated for a gene, the more abundant the 
protein product of that gene becomes. The calculated 
codon bias values corresponding to the proteins identi- 
fied in Fig. 5 are shown in Fig. 6b. Nearly all of the pro- 
teins identified (> 95%) have codon bias values of > 0.2, 
indicating they are highly abundant in cells. In contrast, 
codon bias values calculated for the entire yeast genome 
(Fig. 6a) show that the majority of proteins present in 
ihe proteome have a codon bias of < 0.2 and are thus of 
low abundance. 

This finding is of considerable importance in our assess- 
ment of the current status of proteome analysis technol- 
ogy. It is clear that even using highly sensitive analytical 
techniques, we are only able to visualize and identify the 



more abundant proteins. Since many important regula- 
tory proteins are present only at low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in the anal- 
ysis of proteomes containing many more proteins than 
the approximately 6000 gene products present in yeast 
cells [16]. In the analysts of, for example, the proteome 
of any human cells, there are potentially 50000-100000 
gene products [47]. Inherent limitations on the amount 
of protein that can be loaded on 2-DE, and the number 
of components that can be resolved, indicate that only 
the most highly abundant fraction of the many gene 
products could be successfully analyzed. One approach 
that has been employed to circumvent these limitations 
is the use of very narrow range immobilized pH gradient 
strips for the first-dimension separation of 2-DE [48]. 
Since only those proteins which focus within the narrow 
range will enter the second dimension of separation, a 
much higher Sample loading within the desired range is 
possible. This, in turn, can lead to the visualization and 
identification of less abundant proteins. 
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Figure 6. Calculated codon bias values for yeast proteins. (A) Distribu- 
tion of calculated values for the entire yeast proteome. (B) Distribu- 
tion of calculated values tor the subset of 80 identified proteins also 
shown in Figs. 1 and 5. Further details of experimental procedures are 
included in S. P. Gygi et at. (submitted). 



4 Utility of proteome analysts for biological 
research 

For the success of proteomics as a mainstream approach 
to the analysis of biological systems it is essential to 
define how proteome analysis and biological research 
projects intersect. Without a clear plan for the implemen- 
tation of proteome-type approaches into biological re- 
search projects the full impact of the technology can not 
be realized. The literature indicates that proteome anal- 
ysis is used both as a database/data archive, and as a bio- 
logical assay or biological research tool. 

4.1 The proteome as a database 

The use of proteomics as a database or data archive 
essentially entails an attempt to identify all the proteins 
in a cell or species and to annotate each protein with the 
known biological information that is relevant for each 
protein. The level of annotation can, of course, be exten- 
sive. The most common implementation of this idea is 
the separation of proteins by high resolution 2-DE, the 
identification of each detected protein spot and the 
annotation of the protein spots in a 2-DE gel database 
format. This approach is complicated by the fact that it is 
difficult to precisely define a proteome and to decide 
which proteome should be represented in the database. 
In contrast to the genome of a species, which is essen- 
tially static, the proteome is highly dynamic. Processes 
such as differentiation, cell activation and disease can all 
significantly change the proteome of a species. This is 
illustrated in Fig. 7. The figure shows two high-resolu- 



tion 2-DE maps of proteins isolated from rat serum. 
Fig. 7 A is from the serum of normal rats, while Fig. 7B ■•• 
is from the serum of rats in acute-phase serum after 
prior treatment with an inflammation-causing agent [491. 
It is obvious that the. protein patterns are significantly 
different in several areas, raising the question of exactly 
which proteome is being described. 

Therefore, a comprehensive proteome database of a spe- ; 
cies or cell type needs to contain all of the parameters ; 
which describe the state and the type of the cells from 
which the proteins were extracted as well as the software 
tools to search the database with queries which reflect 
the dynamics of biological systems. A comprehensive 
proteome database should be capable of quantitatively 
describing the , fate of each protein if specific systems 
and pathways are activated in the cell. Specifically, the 
quantity, the degree of modification, the subcellular loca- 
tion and the nature of molecules specifically interacting 
with a protein as well as the rate of change of these 
variables should be described. Using these admittedly 
stringent criteria, there is currently no comlete proteome 
database. A number of such databases are, however, in 
the process of being constructed. The most advanced 
among them, in our opinion, are the yeast protein data- 
base YPD [50] (accessible at http://www.ypd.com) and 
the human 2D-PAGE databases of the Danish Centre 
for Human Genome Research [12] (accessible at http:// 
biobase.dk/cgi-bin/celis). While neither can be con- 
sidered complete as not all of the potential gene pro- 
ducts are identified, both contain extensive annotation 
of supplemental information for many of the spots 
which are positively identified in reference samples. 



4.2 The proteome as a biological assay 

The use of proteome analysis as a biological assay or 
research tool represents an alternative approach to inte- 
grating biology with proteomics. To investigate the state 
of a system, samples are subjected to a specific proceess 
that allows the quantitative or qualitative measurement 
of some of the variables which describe the system. In 
typical biochemical assays one variable (e.g., enzyme 
activity) of a single component (e.g., a particular en- 
zyme) is measured. Using proteomics as an assay, mul- 
tiple variables {e.g., expression level, rate of synthesis, 
phosphorylation state, etc.) are measured concurrently 
on many (ideally all) of the proteins in a sample. The 
use of proteomics as an assay is a less far-reaching prop- 
osition than the construction of a comprehensive pro- 
teome database. It does, however, represent a pragmatic 
approach which can be adapted to investigate specific 
systems and pathways, as long as the interpretation of 
the results takes into account that with current technol- 
ogy not all of the variables which describe the system 
can be observed (see Section 3.4). 

A common implementation of proteome analysis as a 
biological assay is when a 2-DE protein pattern genep 
ated from the analysis of an experimental sample is 
compared to an array of reference patterns representing 
different states of the system under investigation. The 
state of the experimental system at the time the sample 
was generated is therefore determined by the quantita- 
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Figure 7. High resolution 2-DE map of proteins isolated from rat serum with or without prior exposure to an inflam- 
mation-causing agent. (A) normal rat serum, (B) acute-phase serum from rats which had previously been exposed to 
an inflammation-causing agent. The first dimension of separation is an IPG from pH 4-10, and the second dimen- 
sion is a 7.5— 1 7.5%T gradient SDS-PAGE gel. Proteins were visualized by staining with amido black. Further details 
of experimental procedures are included in [14. 49|. 
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Proteome analysis as a biological assay has been success- 
fully used in the field of toxicology, to characterize 
disease states or to study differential activation of cells. 
The approach is limited, of course, by the fact that only 
the visible protein spots are included in the assay, and it 
is well known that a substantial but far from complete 
fraction of cellular proteins are detected if a total cell 
lysate is separated by 2-DE. Proteins may not be 
detected in 2-DE gels because they are not abundant 
enough to be visualized by the detection method used, 
because they do not migrate within the boundaries (size, 
p/) resolved by the gel, because they are not soluble 
under the conditions used, or for other reasons. 

A different way to use proteome analysis as a biological 
assay to define the state of a biological system is to take 
advantage of the wealth of information contained in 
2-DE protein patterns. 2-DE is referred to as two-dimen- 
sional because of the electrophoretic mobility and the 
isoelectric points which define the position of each pro- 
tein in a 2-DE pattern. In addition to the two dimen- 
sions used to generate the protein patterns, a number of 
additional data dimensions are contained in the protein 
patterns. Some of these dimensions such as protein 
expression level, phosphorylation state, subcellular loca- 
tion, association with other proteins, rate of synthesis or 
degradation indicate the activity state of a protein or a 
biological system. Comparative analysis of 2-DE protein 
patterns representing different states is therefore ideally 
suited for the detection, identification and analysis of 
suitable markers. Once again it must be emphasized that 
in this type of experiment only a fraction of the cellular 
proteins is analyzed. Since many regulatory proteins are 
of low abundance, this limitation is a concern, particu- 
larly in cases in which regulatory pathways are being 
investigated. 

5 Concluding remarks 

In this report we have addressed three main issues 
related to proteome analysis. First, we have discussed 
the rationale for studying proteomes. Second, we have 
assessed the technical feasibility of analyzing proteomes 
and described current proteome technology, and third, 
we have analyzed the utility of proteome analysis for bio- 
logical research. It is apparent that proteome analysis is 
an essential tool in the analysis of biological systems. 
The multi-level control of protein synthesis and degrada- 
tion in cells means that only the direct analysis of 
mature protein products can reveal their correct identi- 
ties, their relevant state of modification and/or associa- 
tion and their amounts. Recently developed methods 
have enabled the identification of proteins at ever- 
increasing sensitivity levels and at a high level of auto- 
mation of the analytical processes. A number of tech- 
nical challenges, however, remain. While it is currently 
possible to identify essentially any protein spots that can 
be visualized by common staining methods, it is ap- 
parent that without prior enrichment only a relatively 
small and highly' selected population of long-lived, 
highly expressed proteins is observed. There are many 
more proteins in a given cell which are not visualized by 
such methods. Frequently it is the low abundance pro- 
teins that execute key regulatory functions. 



We have outlined the two principal ways proteome anal- 
ysis is currently being used to intersect with biological 
research projects: the proteome as a database or data 
archive and proteome analysis as a biological assay. Both 
approaches have in pommon that at present they are con- 
ceptually and technically limited. Current proteome data- 
bases typically are limited to one cell type and one state 
of a cell and therefore do not account for the dynamics 
of biological systems. The use of proteome analysis as a 
biological assay can provide a wealth of information, but 
it is limited to the proteins detected and is therefore not 
truly proteome-wide. These limitations in proteomics are 
to a large extent a reflection of the fact that proteins in 
their fully processed form cannot easily be amplified and 
are therefore difficult to isolate in amounts sufficient for 
analysis or experimentation. The fact that to date no 
complete proteome has been described further attests to 
these difficulties. With continued rapid progress in pro- 
tein analysis technology, however, we anticipate that the 
goal of complete proteome analysis will eventually 
become attainable. 
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High-throughput technologies, such as proteomic screening and DNA micro-arrays, produce vast 
amounts of data requiring comprehensive analytical methods to decipher the biologically relevant 
results. One approach would be to manually search the biomedical literature; however, this would be 
an arduous task. We developed an automated literature-mining tool, termed MedGene, which 
comprehensively summarizes and estimates the relative strengths of all human gene-disease 
relationships In Medline. Using MedGene. we analyzed a novel micro-array expression dataset 
comparing breast cancer and normal breast Ussue in the context of existing knowledge. We found no 
correlation between the strength of the literature association and the magnitude of the difference in 
expression level when considering changes as high as 5-fold; however, a significant correlation was 
observed (r = 0.41; p = 0.05) among genes showing an expression difference of 10-fold or more. 
Interestingly, this only held true for estrogen receptor (ER) positive tumors, not ER negative. MedGene 
identified a set of relatively understudied, yet highly expressed genes in ER negative tumors worthy of 
further examination. 

Keywords: blolnformatlcs • micro-array • text mining • gene-disease association . 
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Introduction 

At its current pace, the accumulation of biomedical literature 
outpaces the ability of most researchers and clinicians to stay 
abreast of their own immediate fields, let alone cover a broader 
range of topics. For example, to follow a single disease, e.g.. 
breast cancer, a researcher would have had to scan 1 30 different 
journals and read 27 papers per day In 1999. 1 This problem is 
accentuated with high-throughput technologies such as DNA 
micro-arrays and proteomics. which require the analysis of 
large datasets involving thousands of genes, many of which are 
unfamiliar to a particular researcher. In any microarray experi- 
ment thousands of genes may demonstrate statistically sig- 
nificant expression changes, but only a fraction of these may 
be relevant to the study. The ability to interpret these datasets 
would be enhanced if they could be compared to a compre- 
hensive summary of what is known about all genes. Thus, there 
is a need to summarize existing knowledge In a format that 
allows for the rapid analysis of associations between genes and 
diseases or other specific biological concepts. 

One solution to this problem Is to compile structured digital 
resources, such as the Breast Cancer Gene Database 1 and the 
Tumor Gene Database. 1 However, as these resources are hand- 
curated. the labor-intensive review process becomes a rate- 
limiting step in the growth of the database. As a result, these 
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databases have a limited scale and the genes are not selected 
in a systematic fashion. 

An alternative approach is automated text mining; a method 
which Involves automated Information extraction by searching 
documents for text strings and analyzing their frequency and 
context. This approach has been used successfully in several 
instances for biological applications. In most cases, it has been 
applied to extract Information about the relationships or 
Interactions that proteins or genes have with one another, in 
the literature or by functional annotation. 3 " 7 Thus far. few 
publication have applied text-mining to examine the global 
relationships between genes and diseases. Perez-Iratxeta et al. 
automatically examined the GO (Gene Ontology) annotation 
of genes and their predicted chromosomal locations In order 
to Identify genes linked to inherited disorders. 1 

To obtain a more global understanding of disease develop- 
ment. It would be valuable to incorporate information regarding 
all possible gene-disease relationships, including biochemical, 
physiological, pharmacological, epidemiological, as well as 
genetic. This information would enable comprehensive com- 
parisons between large experimental datasets and existing 
knowledge in the literature. This would accomplish two things. 
First, it would serve to validate experiments by demonstrating 
that known responses occur as predicted. Second, it would 
rapidly highlight which genes are corroborated by the literature 
and which genes are novel in a given context. We have utilized 
a computational approach to literature mining to produce a 
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comprehensive set of gene-disease relationships. In addition, 
we have developed a novel approach to assess the strength of 
each association based on the frequency of citation and co- 
cltation. We applied this tool to help interpret the data from a 
large micro-array gene expression experiment comparing 
normal and cancerous breast tissue. 



Methods 

MedGene Database. MedGene is a relational database, stor- 
ing disease and gene information from NCBI. text mining re- 
sults, statistical scores, and hyperlinks to the primary lit- 
erature. MedGene has a web-based user interface for users to 
query the database (http://Wpseq.med.haivaitl.edu/MedGene/). 

Text Mining Algorithms. MeSH flies were downloaded from 
the MeSH web site at NLM (Nation Library of Medldne) (http:/ / 
www.nlm.nm.gov/mesh/meshhome.htmI) and human disease 
categories were selected. Locuslink files were downloaded from 
the LocusLlnk web site at NCBI (http://www.ncbl.nih.gov/ 
Locuslink/). Official/preferred gene symbol, official/preferred 
gene name, and gene alternative symbols and names, all 
relevant annotations and URLs for each LocusLlnk record, were 
collected. Gene search terms were used for literature searching 
and included all qualified gene names, gene symbols, and gene 
family terms. Primary gene keys, predominantly qualified gene 
family terms and gene official/preferred symbols, were used 
to Index Medline records. If the official/preferred gene symbols 
did not meet the standards to be an index, then qualified gene 
official/preferred names were used. A local copy of MedUne 
records (up to July. 2002) was pre-selected. 

A JAVA module examined the MeSH terms and then Indexed 
each Medline record with the appropriate disease terms. A 
separate JAVA module was used to examine the tides and 
abstracts for gene search terms and then to index the gene- 
related Medline records with the relevant primary gene key(s). 

Statistical Methods. For every gene and disease pair, we 
counted records that were Indexed for both gene and disease 
(double positive hits), for disease only (disease single hits), for 
gene only (gene single hits), and for neither gene nor disease 
(double negative hits) to generate a 2 x 2 contingency table. 
On the basis of the contingency table-framework, we applied 
different statistical methods to estimate the strength of gene- 
disease relationships and evaluated the results. These methods 
included chl-square analysis. Fisher's exact probabilities, rela- 
tive risk of gene, and relative risk of disease 16 (http:// 
hipseq.med.harvard.edu/MedGene/). In addition, we computed 
the "product of frequency", which is the product of the 
proportion of disease/gene double Hits to disease single hits 
and the proportion of disease/gene double hits to gene single 
hits. To obtain a normal distribution, we transformed all the 
statistical scores using the natural logarithm. We selected the 
log of the product of frequency (LPF) to validate MedGene and 
to use for the analysis with the micro-array data. Spearman 
rank-correlation coefficients were used to assess the linear 
relationship between LPF and micro-array fold change In 
expression level. 

Global Analysis. Diseases with at least 50 related genes were 
selected for clustering analysis, and the LPF scores were 
normalized with total score for each disease. Hierarchical 
clustering was done with the -Cluster" software and the 
clustering result was visualized using TreeViewer" (http:// 
rana.lbl.gov/EisenSoftware.htm). 
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Breast Tissue Micro-Arrays. Eighty-nine breast cancer 
samples (79% ER-positive) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen tissue 
repository and were representative of the spectrum of histo- 
logical types, grades, and hormone receptor immuno-pheno- 
types of breast cancer. Blotinylated cRNA, generated from the 
total RNA extracted from the bulk tumor, was hybridized to 
Aflymetrix U95A ollgo-nucleotide micro-arrays. These micro- 
arrays consist of 12 400 probes, which represent approximately 
9000 genes. Raw expression values were obtained using GENE- 
CHIP software from Aflymetrix. and then further analyzed using 
the DNA-Chip Analyzer (dChip) custom software. 

Results 

Automated Indexing of Medline Records by Disease and 
Gene. To study the gene-disease associations in the literature, 
we first compiled complete lists for human diseases and human 
genes. To index all Medline records that were relevant to 
human diseases, the Medical Subject Heading (MeSH) index 
of Medline records was utilized. MeSH is a controlled medical 
vocabulary from the National Library of Medldne and consists 
of a set of terms Or subject headings that are arranged in both 
an alphabetic and an hierarchical structure. Medline records 
are reviewed manually and MeSH terms are added to each with 
software assistance. 910 Twenty-three human disease category 
headings along with all of their child terms (see the Supporting 
Information. Supplemental Table 1, or visit http://hipseq. 
med.riaJvard.edu/MedGene/publication/s_Table l.html) were 
selected from the 2002 MeSH Index creating a list of 4033 
human diseases. 

No Index comparable to the MeSH Index exists for genes, 
and thus, it was necessary to apply a string search algorithm 
for gene names or symbols found in Medline text A complete 
list of genes, gene names, gene symbols, and frequently used 
synonyms were collected from the LocusLlnk database at 
NCBI, 1111 which contains 53 259 independent records keyed 
by an official gene symbol or name (June 18 th , 2002). For the 
purposes of this study, no distinction was made between genes 
and their gene products. Authors often use the same name for 
both, differentiating the two only by the use of Italics. If at all. 
For the intended use of this study, this lack of distinction ts 
unlikely to have a large effect and may in fact be beneficial. 

Initial attempts to search the literature using these lists 
revealed several sources of false positives and false negatives 
CTable 1). False positives primarily arose when the searched 
term had other meanings, whereas false negatives arose from 
syntax discrepancies necessitating the development of filters 
to reduce these errors. The syntax Issues were readily handled 
by Including alternate syntax forms in the search terms. The 
false positive cases, caused by duplicative and unrelated 
meanings for the terms, were more difficult to manage. Where 
possible, case sensitive string mapping reduced Inappropriate 
citations. In many cases, however, this was not sufficient and 
the terms had to be eliminated entirely, thereby reducing the 
false positive rate but unavoidably under-representing some 
genes. 

For the purposes of data tracking, a primary gene key was 
selected to represent all synonyms that correspond to each 
gene. Medline records were indexed with a primary gene key 
when any synonym for that key was found in the title or 
abstract. Case-insensitive string mapping was used for all 
searches except as noted above. No additional weight was 
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gene symbol/name 
is not unique 



gene symbol Is 

unrelated abbreviation 
gene symbol/name 

has language meaning 
nonstandard syntax 
unofficial gene name/symbol 
nonspecifled gene name 



false positive 

false positive 

false positive 

false negative 
false negative 
false negative 



MAO-myelln 

associated glycoprotein 
AMO-^naUgnancy-assoclated 

protein 

fVH-pallid homologue (mouse). 

pallidin (also abbrev. for Pennsylvania) 
WttS-Wlskott-Aldrlch Syndrome 

(also the word "was") 
BAG- 1 instead of BAG! 
P53 Instead of TP53 
estrogen receptor Instead of 
Estrogen receptor 1 



eliminate this term 

eliminate this term 

case-sensitive string search 

add dash term 

add all gene nicknames 

add family stem term 



r ^.^.^ _ f amnm9 nn H diseases and the resulting output was evaluated to identify error sources that 
- In preliminary studies, Medline was searched for ct ^^ n ^Z g ^nf^T^x^ fabelosUWes are suggested relationships that are not real and 

^ S^ral error rates maximized sensitivity, even at the expense of specificity If needed. 

added for multiple occurrences of a term or the co-occurrence 
of multiple synonyms for the same gene key. 

Medline records were searched with all qualified gene 
Identifiers, such as the official/preferred gene symbol, the 
official/preferred gene name, all gene nicknames and all syntax 
variants. In situations where there are several members of a 
gene family or splice variants, some authors prefer to use a 
shortened gene family name. e.g.. estrogen receptor Instead of 
estrogen receptor 1 {ESRf). creating a source of false negatives 
For this reason, gene family stem terms were created for all 
genes that have an alpha or numerical suffix (e.g.. IL2RA, TGFp. 
ESR1 etc.) and then used to search the literature. The family 
stem' terms were handled separately from the specific gene 
names so that it would be dear when linkages were made to 
the gene family versus a specific member In that family. 

To Improve performance and accuracy, some pre-selectJon 
was applied to the records that were scanned. First, review 
articles were eliminated to avoid redundant treatment of 
citations. Second. non-English Journals were removed because 
the natural language filters were only relevant to English 
publications. Finally, journals unlikely to contain primary data 
about gene-disease relationships were also removed (e.g.. Int. 
I Health Educ. Bedside Nurse, and J. Health Econ.). Together, 
these filters reduced the 12 198 221 Medline publications (July 

2002) by 37%. . • 

Ranking the Relative Strengths of Gene-Disease Associa- 
tions. In total, there were 618 708 gene-disease co-citatlons. 
in which 16% (8297) of all studied genes had been associated 
to a disease and 96% (3875) of all diseases had been associated 
to at least one gene. To rank the relative strengths of gene 
disease relationships, we tested several different statistical 
methods and examined the results. With the exception of the 
relative risk estimates, the methods provided similar results 
with respect to the rank order of the gene-disease association 
strengths. However, after comparing the results to other 
databases and after consulting disease experts, the log of the 
product of frequency (LPF) was selected for further analysis 
because it gave the best results overall. 

Validation of MedGene. In developing this tool, it was 
important to minimize the number of missed genes (false 
negatives) and miscalled genes (false positives). However, in 
situations when these goals were in conflict, inclusiveness was 
prioritized. To determine the false negative rate in MedGene. 
breast cancer was used as a test case because it was associated 
with more genes than any other human disease and because 




Figure 1. Estimation of the false negative rate by comparison 
with hand-curated databases. The breast cancer-related genes 
Identified by MedGene were compared with those listed In 
several other databases Including the Tumor Gene Database 
(TGD), 2 the Breast Cancer Gene Database(BCG), 1 GeneCards 
(GC) 17 and Swissprot. 18 Genes were considered false negatives 
if they were represented in at least one of these other databases 
and not In MedGene and their link to breast cancer was sup- 
ported by at least one literature reference. All literature references 
were verified by manual review to confirm their validity. The 
number of genes In each database or shared by more than one 
database is indicated. The false negative rate was calculated by 
genes missed at MedGene (26)/total number of nonoverlapping 
genes in other databases (285). 



there were several public databases that link genes to breast 
cancer. We compared the list of breast cancer-related genes 
from MedGene to these databases, illustrated In Figure l. 
Among the 285 distinct breast cancer-related genes that were 
supported by at least one literature citation in these hand- 
curated databases, 26 were absent from MedGene, suggesting 
a false negative rate of approximately 9%. To determine why 
these were missed, all literature references for these genes (80 
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papers) were reviewed manually (see the Supporting Informa- 
tion. Supplemental Table 2, or visit http://hlpseq.med. 
harvard.edu/MedGene/publicaUon/s.Table 2.html). Among 
these papers, most false negatives were caused by nonstandard 
gene terms or gene terms eliminated by our specificity filters. 
Few genes were missed because they were only mentioned in 
review papers (0.4%) or they appeared only in the body of the 
manuscript but not the abstract or tide (1.1%). Of note, 
MedGene Identified approximately 2000 additional breast 
cancer-related genes not listed in any other database. 

To assess the false positive error rate, two complementary 
approaches were used: a detailed analysis of one disease and 
a global examination of 1000 diseases. The detailed approach 
examined the false positive error rate and its sources, whereas 
the global approach tested whether the overall results made 
biomedical sense. 

Using the LPF. 1467 genes related to prostate cancer were 
assembled in rank order We then retrieved approximately 300 
Medline records each for the highest ranked 100 and the lowest 
ranked 200 genes and manually reviewed the tides and 
abstracts to determine the verity of the association. Nearly 80% 
of the highest ranked 100 genes fell into one of the five 
categories that reflect meaningful gene-disease relationships 
(see the Supporting Information, Supplemental Table 3. or visit 
http://hlpseq.med.harvard.edu/MedGene/publicatlon/ 
s Table 3.html). Among the lowest ranked 200 genes, ap- 
proximately 70% reflected true relationships. Of the 600 records 
reviewed, there were only two in which the association between 
the gene and the disease was described as negative. Both were 
genes with very low scores. In both cases, the authors did not 
argue the absence of any relationship, but rather that a 
particular feature of the gene or protein was not shown to be 
related to human prostate cancer. 1 * " 

The coincidence of some gene symbols with medical ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted in most of the false positives (see the Supporting 
Information. Supplemental Table 4. or visit http://hipse- 
q.med.harvard.edu/MedGen^ 4.html), em- 

phasizing the Importance of the filters that were added in the 
search algorithm (Table 1). Without the filters, the false positive 
rate more than doubled, and the false negative rate rose 
dramatically (data not shown). For example, among the papers 
about breast cancer, there were only 12 Medline records that 
referred to ESR1 and 10 to ESR2 t whereas almost 2000 papers 
mentioned estrogen receptor without specifying ESR1 or £5/221 
this latter group was detected by the family stem term filter. 

To further validate these results, a global analysis of the gene- 
disease relationships described by MedGene was performed. 
For this experiment, it was reasoned that the more closely 
related the diseases are to one another, the more they will be 
related to the same gene sets. Thus, If the relationships defined 
by MedGene accurately reflected the literature, then an unsu- 
pervised hierarchical clustering of the gene data should group 
diseases in a manner consistent with common medical think- 
ing. Conversely, if the clustered diseases do not make sense 
biologically or medically, it may reflect excessive false positives, 
false negatives, or inappropriate scoring of the data. 

To execute this experiment, the gene sets and the corre- 
sponding LPF values for 1000 randomly selected diseases (each 
with at least 50 gene relationships) were used as a dataset for 
clustering the diseases. A review of the results showed that the 
resulting disease clusters were indeed logical based upon 
common medical knowledge (see the Supporting Information, 
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Supplemental Figure l, or visit http://hipseq.med.harvard.edu/ 
MedGene/publication/s.Flgure l.html). For example. In one 
such cluster shown in Figure 2, diabetes and Its complications 
grouped together and were also closely linked to diseases 
associated with starvation states. 

The number of genes associated with a given disease can 
be estimated by adjusting the MedGene number up by thetalse 
negative rate (-9%) and down by the false positive rate (-26% 
on average). Using this, the average disease has 103.7 ± 45.3 
(mean ± s.d.) genes associated with it. although the range is 
quite broad with 2359 genes related to breast cancer. 2122 
genes related to lung cancer and no genes related to a number 
of diseases. 

Applying MedGene to the Analysis of Large Datasets. Access 
to a comprehensive summary of the genes linked to human 
diseases provided an opportunity to analyze data obtained from 
a high-throughput experiment. We compared the MedGene 
breast cancer gene list to a gene expression data set generated 
from a micro-array analysis comparing breast cancer and 
normal breast tissue samples. Micro-array analysis Identified 
2286 genes that had greater than a I -fold difference in mean 
expression level between breast cancer samples and normal 
breast samples. Using MedGene, we sorted the 2286 genes into 
four classes: 555 genes directly linked to breast cancer in the 
literature by gene term search (first-degree association by gene 
name); 328 genes directly linked by family term search (first- 
degree association by family term); 1021 genes linked to breast 
cancer only through other breast cancer genes (second-degree 
association): and 505 genes not previously associated with 
breast cancer. (See the Supporting Information. Supplemental 
Figure 2. or visit http://hipseq.med.harvard.edu/MedGene/ 
publicatlon/sJ ? lgure 2.html.) Among the 505 previously un- 
related genes, 467 were either newly Identified genes or genes 
that had not previously been associated with any disease. 
Among the remaining 38 genes, 9 had been related to other 
cancers, specifically esophageal, colon, uterine, skin, and cervix. 

To determine whether the genes highlighted by the micro- 
array analysis were more likely to have been previously linked 
to breast cancer in the literature, we created a two-dimensional 
plot of the fold change of expression level between breast 
cancer and normal tissue versus the literature score (LPF) 
(Figure 3A). There was a broad spread of expression changes 
among the genes dlrecdy linked to breast cancer ranging from 
less than 1-fold change (68%) to over 40-fold (0.3%). Notably, 
the majority of genes with greater than 10-fold expression 
changes were linked to breast cancer by first-degree associa- 
tion. 

Among all 754 genes dlrecdy linked to breast cancer in the 
literature, there was no correlation between LPF and micro- 
array fold change (r« 0.018. p-value = 0.62). However, when 
we stratified the analysis based on the magnitude of the fold 
change, we observed an increasing trend In correlation (Figure 
3B) suggesting that genes with a more substantial change in 
expression level were more likely to have a stronger association 
in the literature. For genes that had 10-fold change or more in 
expression level, the correlation Increased to 0.41 (p-value = 
0.05). 

When we evaluated the micro-array data separately for ER 
positive and ER negative tumors, the trend in correlation 
between fold change and literature score was highly dependent 
on estrogen receptor status. Interestingly, there was a similar 
trend in correlation for ER positive tumors, but no trend in 
correlation for ER negative tumors. 
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Coxsackievirus Infections 
Obasity In Diabetes 
Diabetic Ketoacidosis 
Glucose Intolerance 

Diabetes Mellitus, Hon- Insulin-Dependent 
Diabetes Mellitus, Insulin-Dependent 
Pregnancy in Diabetics 
Diabetic Retinopathy 
Diabetic Angiopathies 
Diabetic Neuropathies 
Glycosuria 
Hyper Insulinism 
Hyper lnsul inemia 
Hypoglycemia 
Hyperglycemia 

Diabetes Mellitus, Experimental 
Diabetes Mellitus 
Diabetes, Gestational 
"TJEalrvaTfon 
Jaundice, Neonatal 
Brain Edema 
Pulmonary Edema 
Nutrition Disorders 
Kwashiorkor 
Critical Illness 
Burns 

Diabetic Nephropathies 
Albuminuria 
Insulinoma 

Flour* 2. Global validation by clustering analysis. 2(A). The gene sets and the corresponding LPF values for 1000 diseases, each with 
Kst 50 ^ m an unsupervised clustering of the diseases based on the gene patterns associa^d hjtt, 

I^aZSStSm is shown here. 2(B). One of the resulting clusters is shown that corresponds to blood sugar states. Diabetes 
£mTs VaboTe P Se line) and starvation states terms (under the line) clustered together. Within these 

dUMc : small vessel complications, altered serum chemistries, nutritional disorders. etc.(Supplemental Figure 1: httpV/hipseq.med. 
harvard.edu/MedGene/publication/s_/lgure 1.html). 

disease unrelated to breast cancer. As expected, we did not 
observe an increasing trend in correlation for hyperten- 
sion. 




Finally, to validate our findings, we computed similar cor- 
relations between the breast cancer expression data and 
LPF scores generated by MedGene for hypertension, a 
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Microarray Fold Change (Cancer/Normal) 




Microarray Fold Change 



express on ^^I'^an rank-correlation coefficients between literature score (LPF) and the fold change 

SStS S^^SiS^ (y-ax.s) .n relation to the amount of fold change of expression Heve. 

fx IZ Gene rank Hst^ generated for breast cancer (blue) and hypertension (pink). Correlations were also 
Se bSasTcancer gen?L*F scores and fold change expression data among estrogen receptor positive tumors only (Hght blue) and 
estrogen receptor negative tumors only (purple). 
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Table 2. Top 25 G enes Related to Selected Human Diseases' 
breast neoplasms hypertension 



research articles 



rheumatoid arthritis 



bipolar disorder 


atherosclerosis 


ERDAi 


apoUpoproteln 


SNAP29 


APOE 


PFKL 


LDLR 


DRD2 


ELN 


TRH 


ARCi 


IMPA2 


APOB 


HTR3A 


APOAI 


ORD3 


MSR1 


REM 


LPL 


KCNN3 


PON1 




plasminogen 


DRD4 


activator Inhibitor 


HTR2C 


PIC 




vascular cell 


Bf?LN 

nCUi 


adhesion molecule 


DBH 


ATOM 


MAOA 


VWF 


Isl/rn J 


iNS 


urn? 9 A 


ARG2 


SYNJI 


ARC At 


INPPi 


OLR1 


NEDD4L 


collagen 


FRA13C 


MCP 


transducer of 




ERBB2 


lipoprotein 


BAIAP3 


AP0A2 




Intercellular 


ATPIB3 


adhesion molecule 


DRDS 


RAB27A 



estrogen receptor 

PGR 

ERBB2 

BRCA1 

BRCA2 

EGFR 

CYP19 

TFF1 

PSEN2 

TP53 

CES3 
CEACAM5 

ERBB3 

cyclin 

C0X5A 

cathepsln 

ERBB4 

712AM 

CCND1 

EGF 

MUCt 

Insulin-like 
BCL2 



REN 
DBP 
LEP 
ACT 
INS 

kallikreln 
ACE 

endothelln 

S100A6 

BDK 

DIANPH 
SARI 

PIH 

CDS9 

ALB 

CYP11B2 
MAT2B 
angiotensin 
receptor 

AGTR2 

NPPA 

LVM 

DBH 
NPY 



RA 

TNFRSFWA 
CRP 
AS 
ESRi 

HLA-DRBi 
DRi 

interleukln 

TNF 

IL6 

collagen 
ILIA 

ACR 

TNFRSF12 
IL2 

CHI3L1 <■ 
IL8 

Interleukln 1 
matrix 

metalloprotelnase 

Interferon 

CD68 

VL4 
M7 



mucin 
FGF3 



POMC MMP3 
rurj neuropeptide SIL 

MedGene/). 



Discussion 

The Human Genome Project heralded a new era in biological 
research where the emphasis on understanding specific path- 
ways has expanded to global studies of genomic organization 
and biological systems. High-throughput technologies can 
provide novel insight into comprehensive biological function 
but also introduces new challenges. The utility of these 
technologies Is limited to the ability to generate, analyze, and 
interpret large gene lists. MedGene. a relational database 
derived by mining the Information In Medline, was created to 
address this need. MedGene users can query for a rank-ordered 
list of human gene-disease relationships (Table 2) for one or 
more diseases. Each entry Is hyperlinked to the original papers 
supporting each association and to other relevant databases. 

MedGene Is an Innovative extension of previous text mining 
approaches. Perez-Iratxeta et aL used the GO annotation and 
their chromosomal locations to predict genes that may con- 
tribute to inherited disordered MedGene takes a broader view 
and includes all diseases and all possible gene-disease relation- 
ships Furthermore. MedGene utilizes co-citation to indicate a 
relationship rather than GO annotation, which is limited to the 
subset of genes that have GO annotation. Our approach is 
complementary to that taken by Chaussabel and Sher, who 
used the frequency of co-cited terms to cluster genes into a 
hierarchy of gene-gene relationships. 0 

A unique aspect of this tool is the ability to assess the relative 
strengths of gene-disease relationships based on the frequency 
of both co-citation and single citation. This presupposes that 
most co-citations describe a positive association, often referred 
to as publication bias' 5 and is supported by our observations 



that negative associations are rare (Supplemental Table 3: 
http://hlpseq.med.harvard.edu/MedGene/publlcatlori/s_Ta- 
ble 3.html). Of course, relationships established by frequency 
of co-citation do not necessarily represent a true biological link: 
however, it Is strong evidence to support a true relationship. 

Another important feature of MedGene Is the implementa- 
tion of software filters that substantially reduced the error rate. 
We estimate that less than 10% of all associations were missed 
and at least 70% of even the weakest associations were real. 
For this study, all of the filters that we applied were general 
ones, e.g.. expanding the list of all gene names to address the 
different syntax forms used by different Journals, eliminating 
gene names that correspond to common English words, etc. 
The majority of the remaining search term ambiguities were 
idiosyncratic and difficult to identify systematically without 
causing a significant rise in false negatives. Alternative ap- 
proaches, such as the examination of the nearest neighbor 
terms, need to be considered to further reduce the false positive 
rate. 

It Is not uncommon to see expression changes in micro- 
array experiments as small as 2-fold reported in the literature. 
Even when these expression changes are statistically significant, 
it is not always clear if they are biologically meaningful. When 
comparing expression levels of disease to normal tissue, one 
expects an enrichment of known disease-related genes to 
* appear in the altered expression group. MedGene provided a 
unique opportunity to test this notion in the context of existing 
knowledge on a novel breast cancer micro-array dataset. For 
genes displaying a 5-fold change or less in tumors compared 
to normal, there was no evidence of a correlation between 
altered gene expression and a known role in the disease. This 
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TaWe 3. Genes with Large Expression Changes in ER- but 
Not In ER+ Breast Tumors 



gene symbol 



fold change (ER+) 



fold change (ER-) 



1.0 


610.8 


1.2 


894 


1.2 


69.8 


1.9 


59.6 


1.0 


38.5 


2^6 


33.2 


1.0 


30.6 


4.0 


27.9 


3.8 


21.9 


4.7 


18.6 


1.0 


14.6 


1.6 


14.4 


I.U 


13.5 


4.2 


13.0 


A 4 


12.9 




12.3 




12.2 


i n 


11.8 


A n 


11.6 




11.1 


6.9 


10.9 


1 ft 


10.2 


4 ft 


10.2 


1.0 


10.0 


-L3 


-10.4 


-1.1 


-10.8 


1.3 


-11.4 


-4.1 


-15.7 


1.1 


-16.2 


-4.6 


-22.3 


-1.1 


-36.8 


-2.8 


-51.5 


-1.4 


-64.9 


-1.0 


-83.1 


-1.6 


-85.9 


2.4 


-150.3 



KRTHB1 
BRS3 
DKKl 
ZICl 
TLRl 
KIAA0680 
CDKN3 
EBI2 
CZMB 
STK18 
CPR49 
MYOW 
LADl 
P0LE2 
HMG4 
BCL2LU 
LRP8 
CCNB2 
CCNE2 
FOB 
KNSL6 

H1F5 

SERPINH2 

YAP1 

LPHB 

TCBA2 

TFFJ 

COL17A1 

POPS 

BPAG1 

PDZK1 

VEGFC 

KfUC6 

SERPINA5 

ME/51 

CA12 

Tabte 3. MedCene Identified a set of relatively understudied, yet highly 
expressed genes In ER negative, but not ER positive breast tumors Ail of 
SSeleneS have either never been co-cited with breast cancer or have a 
weak association except those marked with an . 

reflects the many genes whose role In breast cancer may not 
involve large changes In expression In sporadic tumors (e.g.. 
BRCA1 and BRCAQ and genes whose modest changes in 
expression may be unrelated to the disease. Strikingly, among 
genes with a 10-fold change or more in expression level, there 
was a strong and significant correlation between expression 
level and a published role In the disease, providing the first 
global validation of the micro-array approach to identifying 
disease-specific genes. 

The results derived from MedGene have two implications. 
First, a careful hunt for corroborating evidence of a role In 
breast cancer should precede any further study of genes with 
less than 5-fold expression level changes. Second, any genes 
with 10-fold changes or more are likely to be related to breast 
cancer and warrant attention. It Is likely that this threshold will 
change depending on the disease as well as the experiment. 

Interestingly, the observed correlation was only found among 
ER-positive tumors, not ER-negative. This may reflect a bias 
In the literature to study the more prevalent type of tumor in 
the population. Furthermore, this emphasizes that caution 
must be taken when interpreting experiments that may contain 
subpopulatlons that behave very differently. The MedGene 
approach Identified a set of relatively understudied, yet highly 
expressed genes in ER-negatlve tumors that are worthy of 
further examination (Table 3). 

, 2003 
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In conclusion, we have developed an automated method of 
summarizing and organizing the vast biomedical literature. To 
pur knowledge, the resulting database Is the most comprehen- 
sive and accurate of Its kind. By generating a score that reflects 
the strength of the association, it provides an Important tool 
for the rapid and flexible analysis of large datasets from various 
high-throughput screening experiments. Furthermore. It-can 
be used for selecting subsets of genes for functional studies, 
for building disease-specific arrays, for looking at genes com- 
mon to multiple diseases and various other high-throughput 
applications. In the future, it will be possible to enhance the 
utility of the MedGene database by building links between 
genes and other MeSH terms as well as other biological 
processes and concepts, such as cell division and responses to 
small molecules. 
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An increased high-mobility group A2 expression level is associated will! 
malignant plicuotype iu pancreatic exocrine tissue. 

AbcN, VVatn.iabeT , Suzulci Y, Matsurnoto N MasakiT . MotiT Sugiyama M 
^ Chiappctcn C Fusco A . Atom] Y . — ' 

First Department of Surgery, Kyorin University School of Medicine, 6-20-2 Shinkawa 
Mttaka, Tokyo 181-861 1, Japan, abenbtg@kyorin-u.acjp 

The altered fonn of the high-mobility group A2 (HMGA2) gene is somehow related to 
Ihc generation of human benign and malignant tumours of mesenchymal origin 
However only a few data on the expression of HMGA2 in malignant rumour originating 
from epithelial t.ssueare available. In this study, we examined the HMGA2 expression 
level m pancreatic carcinoma, and investigated whether alterations in the HMGA2 
expressron level are associated with a malignant phenotype in pancreatic tissue High- 
mobil.ty group A2 mRNA and protein expression was determined in eight surgically 
resected spec.mens of non-neoplastic tissue (six specimens of normal pancreatic tissue 
and two of chrome pancreatitis tissue) and 27 pancreatic carcmomas by highly sensitive 
reverse transcriptase-polymerase chain reaction (RT-PCR) techniques and 
■rnmunohistochemical staining, respectively. Reverse transcriptase-polymerase chain 
reaction analys.s revealed the expression of the HMGA2 gene in nbn-neoplastic 
pancreatic tissue, although its expression level was significantly lower than that in 
carcinoma. UTimunohistochemicai analysis indicated that the presence of the HMGA2 
gene m non-neoplastic pancreatic tissue observed in RT-PCR reflects its abundant 
expression ,n islet cells, together with its focal expression in duct epithelial cells. Intense 
and multifocal or diffuse HMGA2 immunoreactivity was noted in all the pancreatic 
care, noma examined, A strong correlation between HMGA2 overexpression and the 
diagnosis ot carcinoma was statistically verified. Based on these findings we propose 
that an mcreased expression level of .the HMGA2 protein is closely associated -with the 
malignant phenotype in (he pancreatic exocrine system, and accordingly HMGA2 could 
serve as a potential diagnostic molecular marker for distinguishing pancreatic malignant 
cells from non-ncoplastic pancreatic exocrine cells. 

PMID. 14647145 [PubMed - indexed for MEDLINE] 
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extracts. If these minor cell proteins differ among cells to the same extent as the 
more abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in cell morphology and behavior. 

A Cell Can Change the Expression of Jts Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
. is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
• production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specialization — different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 

t 
i 

; Gene Expression Can Be Regulated at Many of the Steps 
I in the Pathway from DNA to RNA to Protein 4 

I If differences between (he various cell types of an organism depend on the par- 
ticular genes thai (he cells express, ai what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle he regulated. Thus a cell can control the proteins it 
mokes by (1) controlling when and how often a given gene is tianscribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
Otherwise processed (RNA processing control), (3) selecting which completed 
inftNAs in the cell nucleus are exported to the cytoplasm (KNA transport con- 
trol). (■!) selecting which inHNAs in the cytoplasm nre translated by liposomes 
(translations) control), (5) selectively destabilizing certain mKNA molecules in 
i he cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (figure 9 

foi most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in figure D-2. only tianscrip- . 
tional control ensures that no superfluous intermediates are synthesized. In the 
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Siunmary 

The many types of wits in animals ami plants are create*! largely through mecha- 
nisms that cause different genes to he transcribed in different celts. Since many spe- 
ciulized nninud cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them mast he stable once estab- 
lished and heritable when the celt divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide nnusunlly accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to f he creation of specialized cell types in higher encaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create ajlip-jlop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feet I hack loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

in encaryotes gene transcription is generally controlled by combinations of gene 
'regulatory proteins, it is thought that each type of cell in a higher euraiyolh: organism 
Contains a specific rombination of gene regulatory proteins that ensures the expres- 
sion >tf only those genes appropriate to that type of cell. A given gene regulatory pro- 
tein may he expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In tiddifion to diffusible gene regulatory proteins, inherited stales of chromatin 
condensation are idso utilized by encaryolic cells to regulate gene expression. In ver 
• tehrates DNA meihylation also plays a part, mainly as a device to reinforce decisions 
about v.ene expression thai are made initially by other mechanisms. 
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■ FROM DNA TO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a ceil can change (or regulate) the expression of each' of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in rending out a needed part of its genetic instructions 
»s to copy a particular portion of its DNA nucleotide sequence— a gene-into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subnmts linked together by phosphodiester bonds (Figure 6^J). It differs from 
DNA chemically in two respects: ()) ihe nucleotides - in RNA are 
ribonucleotides-^ is. ihey contain the sugar ribose (hence the name //^nu- 
cleic ac.d) rather .hnn .leo>ryribose; Q) although, like DNA, RNA contains the 
bases adenine (A), guanine IG). and cytosine (Q. ii contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like X can base-pair by hydrogen- 
bonding with A (Figure 6-5). the complementary base-pairing propertied 
descnbed for DNA m Chapters \ and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
parrs in RNA: foi example, C pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quiie dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-siranded. RNA chains therefore fold up into a 
variety ol shapes, jus. as a p.»l> peptide chain folds up m form the final shape of 
a protem {Hpmc G-6>. As ne see fate, in .his chapter, .he ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules lo have siiurimal 
and catalytic functions. 



Frgure 6-3 Genes can be expressed 
with different efficiencies. Gene A ts 
transcribed and translated much more 
efficient^ than gene B.This allows the 
amount of protein A in the celt to be 
much greater than that of protein B. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

Alt of the RNA in a cell is made hy DNA nansciiption. a process that ha-- re,- 
lam snmlarilies lo ihe piocesi. of DNA replication discussed in ChapiK, S 
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Figure 6-90 The production of a 
protein by a eucaryotic celt The final 
level of each protein in a eucaryoiic celt 
depends upon the efficiency of each step 
depicted. 
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• me 6-00) could be regulated by the cell lor each individual protein.. However, as 
we shall see in Chnpiei 7, the initiation of transcription is ihe most common 
point for a cell to regulate the expression ol each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene horn being expressed is to 
block the very first step— the transcription of its ONA scijuence into an RNA 
molecule. 



Summary 

The translation of ihe nucleotide sequence of an mlhVA molecule into protein takes 
place, in the cytoplasm on a large rihonucleoprotein assembly called n ribosorne. The 
amino acids used for protein synthesis are first a line he, I lo a Jamil)' of ittNA 
molecules, each of which recognizes, by complementary base- pair interactions, par- 
lii ithir sets of three nucleotides in thetuHNA (cottons). The sequence oj nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate trunslati<m, a small rihosomnl sitbnnit binds to the ntfiNA molecule 
at a start codon (AUG) that is recognized by a tnriipte initiator tftNA ntolectde. A 
large tibosomal snhunit binds to complete the ribosorne and begin the elongation 
phase of pitftcin synthesis. During this phase, nminoocyl ifiNAs—POih beating a 
specific amino acid bind sequentially to the appropriate cm I oh in nrltXA by forming 
complementary base pairs with the tRNA anticodon: !:a, h amino acid is added to the 
C terminal end of the gt owing polypeptide by means of a iycle of three sapiential 
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Figure 7-5 Six steps at which 
eucaryotk gene expression can be 
controlled. Controls that operate at 
steps * through 5 are discussed in this 
chapter. Step 6. the regulation of protein 
activity, includes reversible activation or 
mactivauon by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inacrJvation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to. RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, ant! all of them can in principle be regulated. Thus 
2 cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control). (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), 0) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
nnd determining where in the cytosol diey are localized (RNA transport ami 
localization control), selecting which mKNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made Iproiein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes'sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize supei lluous interna 
'.jmtes. In the following sections we discuss the ONA anil protein components 
: :iat pei lot m ibis function by regulating the initiation of gene transcription. We 
■hall return at the end of the chapter to the additional ways of regulating ,>ene 
repression. ' ' 



Summary 

I he genome ofn cell contains in its ONA sequence the information to make m,m Y 
housnmh of different protein and UNA molecules. A celt typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
•KCaase different sets of genes ore expressed. Morrow, cells con change the pattern 
genes they express in response to changes in their environment, such as siynals 
olh « r celh - all of ihe steps ineolrrd in expressing a gene can in prm- 

•■:pic he regulated, for most genes the initiation of UNA transcription is the most 
•-..porta at point of control. 



'■■>w does a cell determine which of its thousands of genes to transcribe-' As 
rsnionecl b.ieOy in Chapters .| and i>. die hans.nption of each gene is con- 
' 'led by a ifgnlatory region of DNA nhuvily near riV M ie where transcription 
1 :.:ns. :>onie regulatory regions are Simple an,l an a;, switches that are thiown 
'■ r.mgle signal. Many others are * omp!,;,\ and a. I as tiny mia oprocessurs 
landing in a variety of signals ihni uVv irn.-.ptei and integrate to Mviich the 
" ;/hboringgencon or off. Whether ,..,rripl.-\ or Minple. these switchingdevices 
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Selective apoptosis of natural killer-cell tumours by l-asparaginase. 

Ando ML , Sugimoto K , Kitoh T , Sasaki M , Mukai K , Ando J , Egashira M , Schuster 
SM , Oshimi K . 

Department of Haematology, Juntendo University School of Medicine, Tokyo, Japan. 

We examined the effectiveness of various anti-tumour agents to natural killer (NK)-cell 
tumour cell lines and samples, which are generally resistant to chemotherapy, using flow 
cytometric terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end- 
labelling (TLTNEL) assay. Although NK-YS and NK-92 were highly resistant to various 
anti-tumour agents, l-asparaginase induced apoptosis in these two NK-cell lines. NK-cell 
ieukaemia/lymphorna and acute lymphoblastic leukaemia (ALL) samples, were 
selectively sensitive to l-asparaginase and to doxorubicin (DXR) respectively. Samples of 
chronic NK lymphocytosis, an NIC-cell disorder with an indolent clinical course, were . 
resistant to both drugs. Our study clearly separated two major categories of NK-cell 
disorders and ALL according to die sensitivity to DXR arid l-asparaginase. We examined 
asparagine synthetase levels by real-time quantitative polymerase chain reaction (RQ- 
PCR) and immunostaining in these samples. At least in nasal-type NK-cell lymphoma, 
there was a good correlation among asparagine synthetase expression, in vitro sensitivity 
and clinical response to Lasparaginase. In aggressive NK-cell leukaemia, although 
asparagine synthetase expression was high at both mRNA and protein levels, t- 
. asparaginase induced considerable apoptosis. Furthermore, samples of each disease entity 
occupied a distinct area in two-dimensional plotting with asparagine synthetase mRNA 
level (RQ-PCR) and in vilrol-asparaginase sensitivity (TUNEL assay). We confirmed 
rather specific anti-tumour activity of l-asparaginase against NK-rcell tumours in vitro, 
which provides an experimental background to the clinical use of l-asparaginase for NK- 
cell tumours. 

PMID: 16156856 [PubMed - in process] 
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Human thyroid carcinoma cell lines and normal thyrocytes: expression 
and regulation of matrix metalloproteinase-1 and tissue matrix 
metalloproteinase inbibitor-1 messenger-RNA and protein. 

AustG, Hofmann A, LaueS, RostA, Kohler T. Scherbaum WA 

Institut of Anatomy, University of Leipzig, Germany. 

Matrix metalloproteinase- 1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 
(IlMP-l)play an important role in remodeling the extracellular matrix in normal and 
patholc-g.cal processes. The effect of phorbol-myristate acetate (PMA), interIeukin-1 (1L- 
1), and tumor necrosis factor-alpha (TNF-alpha) on MMP-1 and TIMP-1 expression was 
studied on highly purified thyrocytes and undifferentiated 8505 C, C 643 HTh 74 SW 
1736 thyroid carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA 
(mRNA) levels were monitored by competitive semiquantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) after 24 hours. Culture supernatants were assayed 
for free and/or complexed MMP-1 and T1MP-] after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit-: <2 ng/mL). MMP-1 and TIMP-1 
mRNA were present in all cell types, although thyrocytes showed MMP-1 mRNA levels 
near the detection limit. 8505 C expressed MMP- 1 mRNA levels of up to 1 0(6) times 
those of the other cells analyzed. PMA and 1L-1 increased MMP-1 mRNA in most cell 
types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 C 
whereas only slight effects were shown after IL-1 stimulation. MMP-1 protein was ' 
undetectable m normal thyrocyte cultures, but was secreted spontaneously by all cell 
hnes ([ng/mL]; C 643: 15+/-7; HTh 74: 81+/-I; SW 1736: 13+/-2; 8505 C- 2097+/-320) 
Ihere was a strong correlation between levels of MMP-1 mRNA and protein (r = 0 99 p 
< .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours ' 
Fibroblasts ([ng/mL) 517+/-55) and the cell lines (C 643: 142+/-48- HTh 74" 1 15+/-13 
SW 1736: 202+/-14; 8505C: I20+/-19) secreted TIMP-1 in unstimulated cultures ' 
whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TJMP-I secretion after 48 hours in SW 1736 HTh 74 and C 
643 cells. Our data suggest that in contrast to normal thyrocytes, dedifferentiated thyroid 
carcinoma cell lines are potential producers of MMP-1 as well asTlMP-1. High MMP-1 
or MMP-I/T1MP-1 expression may play a role in tissue invasion of undifferentiated 
thyroid cancer cells. 
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ABSTRACT 

Matrix metalloproteinasc-l (MMP-1) and tissue matrix roetaJIoproteinase inhibitor 1 (T1MP-1) play an impor- 
tant role in remodeling the extracellular matrix in normal and pathological processes. The'effect of phorbol-myris- 
tate acetate (PMA), interleukin-l (IL-1), and rumor necrosis factors (TNF-or) on MMP-1 and T1MP-1 expres- 
sion was studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 1736 thyroid 
carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA (mRNA) levels were monitored by 
competitive semiquantitative reverse transcriptase polymerase chain reaction (RT-PCR) after 24 hours. Culture 
supernatant* were assayed for free and/or complexed MMP-1 and T1MP-1 after 48 hours using enzyme-linked 
immunosorbent assay (EL1SA) systems {detection limit: <2 ng/mL). MMP-1 and T1MP-1 mRNA were present in 
all cell types, although thyrocytes showed MMP-1 mRNA levels near the detection limit. 8505 C expressed MMP- 
1 mRNA levels of up to 10 6 times those of the other cells analyzed. PMA and EL- 1 increased MMP-1 mRNA in 
most cell types. T1MP-1 mRNA increased after treatment with PMA in all cells except 8505 C, whereas only 
slight effects were shown after IL-1 stimulation. MMP-1 protein was undetectable in normal thyrocyte cultures, 
but was secreted spontaneously by all cell lines ([ng/mL]; C 643: 15 ± 7; HTh 74: 81 it 1; SW 1736: 13 ± 2; 
8505C: 2097 ± 320). There was a strong correlation between levels of MMP-1 mRNA and protein (r= 0.99, 
p < .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. Fibroblasts {[ng/mL] 517 ± 
55) and the cell lines (C 643: 142 ± 48; HTh 74: 115 ± 13; SW 1736: 202 ± 14; 8505 C: 120 ± 19) secreted 
TtMPrl in unstimulated cultures, whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TTMP-1 secretion after 48 hours in SW 1736, HTh 74, and C 643 cells. Our data 
suggest that in contrast to normal thyrocytes, dedifferentiated thyroid carcinoma cell lines are potential produc- 
ers of MMP-1 as well as TiMP-1. High MMP-1 or MMP-l/TIMP-1 expression may play a role in tissue inva- 
sion of undifferentiated thyroid cancer cells. 



M 



INTRODUCTION suppressed on external stimulation, ie, with cytokines, 

phorbol 12-myristate 33-acetaie (PMA), lipopolysaccaride 



AT*rx metalloprottinases, (MMPs) constitute a (LPS), or retinoic acid (2,3). After secretion at post-tran- 

u r of L structu ' aII > r rc,alcd P'°teolytic enzymes re- sciiptional level, latent MMP proenzymes are regulated by 

sponsible for the proteolytic degradation of extracellular proteolytic activation and interaction with tissue inhibitors 

matrix (ECM) components. They are important partici- of matrix metalloproteinase (TlMPs), their specific in- 

pams in normal tissue remodeling and contribute ro the hibitors. Any imbalance berween the proteolytic MMPs ac- 

phenotype of seveial pathological conditions that are as^ riviries and the TIMPs that could be influenced and caused 

sociatcd with progressive ECM degradation. MMPs are by cytokines could potentially lead to pathological condi- 

highly regulated at different levels (1). At the transcnp- tions (4). 

tional level, MMP expression can be directly induced or MMP-1, although known as an interstitial collagenase, 
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is the only enzyme active at neutral pH that can degrade 
extracellular fibers comprised of collagen rypes I, II, and 
III. With this initial step, MMP-1 provides the cleavage 
products to other collagenase types (5). The major specific 
inhibitor of MMP-1 is TIMP-1, a 28. 5-kd glycoprotein, 
which forms 1:1 stoichiometric complexes with the pro- 
tease (6). Cytokines and growth factors have been shown 
to regulate the expression of both MMP-1 and TIMP-1 
U>7,8). 

Although the participation of MMP-1 as the initial col- 
lagenase in tissue breakdown during tumor development is 
well documented (9-11), only one study has described the 
expression (12) but no study has as yet investigated the reg-: 
ulation of this enzyme in different thyroid tumors. Few stud- 
ies have been published investigating the role of other 
MMPs in normal and pathological thyroid tissue by in situ 
hybridization and immunohistochemistry (13-16). Fur- 
thermore, tissue remodeling includes both the action of 
MMPs and their inhibitors; thus, these enzymes could be 
involved in autoimmune and other nonautoimmune thyroid 
diseases during morphological changes (1 7,1 8). It is still un- 
known whether or not thyrocytes are able to express MMPs 
and TIMPs. Although type IV collagenases (MMP-2 and 
MMP-9) were detected in various human epithelial cells of 
different tissue origin (19,20), only one study described the 
secretion of MMP-1 by epithelial cells (21). 

Highly purified normal thyrocytes and four thyroid car- 
cinoma cell lines were included in this study to investigate 
the involvement of these cells in MMP-1 and TIMP-1 pro- 
duction during thyroid tissue remodeling processes and in 
malignant thyroid neoplasms. MMP-1 and TIMP-1 ex- 
pression were studied at both the mRNA and protein level 
by semiquantitative RT-PCR and EL1SA measurement, re- 
spectively. 

In unstimulated carcinoma cell lines both MMP-1 and 
TIMP-1 mRNA were expressed, partly at a high level, fol- 
lowed by the spontaneous secretion of the proteins. The 
various conditions for the stimulation of the different cell 
lines by cytokines and PMA were defined. In contrast to 
the cell lines, normal thyrocytes did not secrete MMP-1 
and only trace amount of TIMP-1, even after stimulation 
with PMA. 



MATERIALS AND METHODS 

Preparation of tissues, thyroid-derived cells, and 
cell lines 

Thyrocytes were prepared from surgical thyroid speci- 
mens from 3 parienis (1 Graves' disease, 2 nontoxic goi- 
ter; mean age 54.3 i 5.0 years). Fibroblasts were separated 
from thyroid tissue of 5 other parienis {3 Graves' disease, 
2 nontoxic goiter; mean age 43.6 ± 6.4 years). Graves' dis- 
ease and nontoxic goiter were diagnosed on the strength 
of clinical, biochemical, and immunologic features as well 
as thyroid scintiscans. 

Thyroid tissue was trimmed of fat and connective tissue 
immediately after surgery. Thyroidrderivrd cells were en- 
riched a/ier gradual enzymatic digestion of tissue and cul- 
tured over a period of 16 hours as described. Thyrocytes 
were obtained horn the adherent fraction by incubating 



the cell monolayer with phosphate buffered saline (PBS) 
without Ca 2 ~/Mg 2+ for 45 minutes (22). Residual fibro- 
blasts were removed after subsequent incubation of the 
cells with the fibroblast-specific mab FibASQl (22) and 
goat-anti-mouse IgG-DYNABEADS® M450 (DYNAL, 
Hamburg, Germany) according to the manufacturer's pro- 
tocol. 

Thyroid-derived fibroblasts were obtained after culturing 
small pieces of thyroid tissue in Dulbeccos's Modified Ea- 
gle's Medium fDMEM) with 10% fetal calf serum (FCS) 
and harvested in the Jth to 7th passage. The purity of the 
thyrocytes and fibroblasts was determined by using indirect 
immunofluorescence technique on a FACS-Scan (Becton 
Dickinson GmbH, Heidelberg, Germany) as described (22)1 

The following human anaplastic thyroid carcinoma cell 
lines were cultured in DMEM with 10% FCS: C 643 (23); 
SW 1736 (23); and HTh 74 (24). The cell line 8505 C (25) . 
was purchased from the German Collection of Microor- 
ganisms and Animal Cell Cultures (DSM ACC219). This 
cell line was established from a primary thyroid tumor 
characterized histologically as a undifferentiated carcinoma 
that was partially composed of poorly differentiated pap- 
illary cells (25). This is a feature of a subgroup of anaplas- 
tic carcinoma (26). The majority of these coexistent better 
differentiated carcinoma foci in anaplastic carcinoma were 
papillary (26); 

In vitro cultures 

Using 24- well plates, 1 X 10 5 cells were cultured for 24 
hours. The medium was aspirated and replaced with 500 
ML OPTI-MEM (G1BCO BRL, Grand Island, NY) without 
FCS to eliminate possible stimulation of MMP-1 and 
TIMP-1 production by FCS. The medium contained the 
desired concentration of human IJL-lcr (10 U/ml; Pepro 
Tech EC Ltd., London, UK), TNF-a (100 U/mL; Pepro 
Tech EC Ltd.), interferon-? (IFN-y) (500 U/mL; Pepro 
Tech EC Ltd.), or 10 ng/mL PMA (SIGMA^ 

Triplicate cultures of each stimulator were analyzed af- 
ter 3, 6, and 24 hours at the mRNA and after 24 and 48 
hours at the protein level. The superna rants were removed 
and stored at - 80X for further use. First,. a collagenolytic 
assay based on the digestion of type I collagen was per- 
formed. This method showed direct evidence of free pro- 
MMP-1 enzyme in the cell culture supernatants of un- 
stimulated and IL- la stimulated 8505 C, HTh 74, and 
C634 cells (data not shown). However, the method does 
not allow quantitation of MMP-1 en2yme activity. Thus, 
the cell culture supernatants were assayed for MMP-1, 
TIMP-1, and MMP1/T1MP-1 complex by ELISA (Amer- 
sham Life Sciences, Braunschweig, Germany). The MMP- 
1 assay (sensitivity: 1.7 ng/mL) detected only total human 
MMP-1, ie, free MMP-1 and MMP-1 completed with in- 
hibitors such as TIMP-1. h did not detect MMP-1 bound 
by the nonspecific protease inhibitor a 2 ~ microglobulin. 
The MMP-l/TUViP-1 assay (sensitivity: 1.5 ng/mL) de- 
tected MMP-l/TIMP-1 complex, ie, activated MMP-1 that 
has been subsequently completed with the specific MMP- 
i inhibitor TIMP-1. It did not detect free active MMP-1, 
free TIMP-1, or pro-MMP-1. There was no cross-reactiv- 
ity with active MMP-1 bound by the nonspecific protease 
inhibitor n 2 -macroglobulin. The T1MP- 1 assay (sensitivity: 
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1.25 ng/mL) detected total human T1MP-1, ie, free TIMP- 
1 and that completed with MMPs. The assay did fully 
cross-react with TIMP-1 in complexes with other MMP. 
It did not cross-react with TIMP-2. 

RNA extraction and cDNA synthesis 

For gene, expression studies, 5 mL RNAzol™ B (Biotex 
Laboratories Inc., Houston, TX) was added to the cell cul- 
ture wells. The content of three wells of any cell type was 
pooled and then stored frozen for further mRNA analysis 
in liquid nitrogen. Total cellular RNA (cDNA) was iso- 
lated from the probes according to the manufacturer's pro- 
tocol. RNA was fractionated on a denaturing 1.0% agarose 
gel and stained with ethidium bromide to confirm that 
spectrophotometric measurements were accurate and that 
the RNA had not been degraded. Five micrograms total 
RNA was reverse* transcribed to cDNA using the First- 
strand cDNA synthesis kit of Pharmacia (Uppsala, Swe- 
den), in a total reaction volume of 15 u.L. 

mRNA analysis by competitive RT-PCR 

To correct for variations across different cDNA prepa- 
rationsj all samples were first adjusted to contain equal in- 
put glyceralderyde-3-phosphate dehydrogenase (GAPDH) 
cDNA concentrations. Semi-quantitative GAPDH RT-PCR 
was used with a heterologeous synthetic competitor frag- 
ment. The generation of the specific PCR products from 
the competitor and the cDNA with the GAPDH primers 
were published earlier (22,27). 

We then estimated the MMP-1 and T1MP-1 cDNA in 
these adjusted samples. The primers were selected. using the . 
DNAsis computer program (Hitachi Software Engineering 
Co, Yokohama, Japan). The primer pairs span one or more 
imrons to allow unambiguous discrimination between 
cDNA and unwelcome contaminating genomic DNA. In 
quantitating MMP-1 and TlMPrl cDNA, a rapid one-step 
method was introduced to synthesize an internal homolo- 
geous competitor (plan diagram of procedure: Fig. 1, ex- 
emplary for MMP-1 {28]. A hybrid primer was synthesized 
(MMP-lhy) that consisted of two segments (segi, seg2). It 



MMP1I 



PCR 



47B bp 



MMPlhy : MMPIr 
: 82 bp 



MMPt internal .r>ornotoQeous competitor 



FIG. 1. General scheme lor generating homologous com- 
petitors used for quantitative PCR- 



had a length of 40 nucleotides, in which 20 nucleotides (segj) 
at the 3' end corresponded to the opposite strand of the tar- 
get sequence a predetermined distance from primer MMP- 
lf* and 20 nucleotides at the 5' end (scg^ = MMP-1 r) that 
corresponded to the target sequence upstream from the seg- 
ment segi. Amplification with the primers MMP-lf and 
MMP-lhy from the cDNA resulted in a 478-base pair (bp) 
(polymerase chain reaction (PCR) product. It was freed from 
excess primers and deoxynuclepside- triphosphates {dNTPs) 
using the Qiaquick Gel Extraction Kit (Qiagen GmbH, 
Hilden, Germany) and quantified. A known number of 
copies of the competitor was introduced in the GAPDH-ad- 
justed samples and amplified with the primers MMP-lf and 
MMP-1 r. With this approach, two products were generated, 
one derived from the cDNA (560 bp) and another, 82 bp 
smaller in size derived from the internal competitor (Fig. 1). 
PCR. products were resolved by gel electrophoresis (1.5% 
agarose gel). The relative amounts of sample cDNA and 
competitor were quantified by measuring the intensity of 
ethidium fluorescence with a CCD image sensor and. ana- 
lyzing the data with the EASY program (Herolab, Wiesloch, 
Germany). The initial amounts of sample cDNA and com- 
petitor were assumed to be equal in those reactions where 
the ratio of the two products was judged to be equal. This 
was expressed in arbitrary units (AU) (22,29). One AU was 
defined as the lowest concentration of competitor yielding 
a detectable amplification product when added to PCR 
alone. For example, if equivalence between sample cDNA 
and competitor was reached using a ICKVfold concentrated 
competitor the relative sample cDNA concentration was 100 
AU. Thyrocytes and the cell lines were analyzed for the ex- 
pression of thyroid-specific and cytokine receptor mRNAs 
in a simple RT-PCR. The sequences of the TPO and cy- 
tokine receptor primer pairs have been published by Wat- 
son et al. (30) and Tada et ah (31) and gave the following 
product sizes: TPO: 506 bp; IL-1R type 1 (p80):300 bp; II- 
1R type H (p68): 392 bp; TNF-aR (p75): 324 bp; TNF-aR 
(p55): 587 bp and IFN-yR: 899 bp. The thyroglobulin (Tg) 
and thyroid stimulating hormone receptor (TSH-R) primer 
pairs were selected according to the published sequences us- 
ing the DNAsis program (Table 1). 

Each 25-uL amplification reaction contained 2.5 pL 
10 X concentrated PCR buffer (35 mM MgCI 2 , Boehringer 
Mannheim, Germany), 0.3 U Taq DNA polymerase 
(Boehringer Mannheim, Germany), 100 jjlM dNTPs 
(Perkin Elmer, Weiterstadt, Germany), 0.1 uJvl of each 
primer (1MB, Jena, Germany), and 1 uJL cDNA and com- 
petitor in adjusted dilution. Fun her more, restriction map- 
ping (restriction enzymes: Boehringer Mannheim GmbH, 
Germany) was carried out to confirm the originality of the 
PCR product (Fig. 1, Table 1). 

Statistics 

Protein levels of thyrocyte or fibroblast cultures from the 
different patients and of the thyroid carcinoma cell lines ob- 
tained from three separate experiments were presented as 
mean ± SEM values. Statistical comparisons between un- 
stimulated and stimulated cell cultures were performed by 
the alternate (Welch) t-test. The correlation berween basal 
mRNA levels and the unstimulated protein secretion in all 
cell rypes was calculated according to the Spearman method. 
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Table J. Primers, Length of Amplified Templates, Restriction Mapping and Assay Conditions for RT-PCR 



Primer 



Lengthqf Length of Annealing . Number of 
-3" cDNA (bp) competitor (bp) temperature cycles 



Tg 


forward 


GCAGATCTTACTGACrrGGCT 


416 






35 


reverse 


TGTCAGCACAGTGGCAATAC 










TSH-R 


forward 


ACTTGCTGCAGCTGGTGCT 


354 




65 


35 


exons l^t 


reverse 


TGAGGGCATCAGGGTCTATG 










TSH-R 


forward 


GAAATTCGGAATACCAGGAACTTA ACT 


89(5 




53 


35 . 


exons 4-10 


reverse 


AACTCATCGGACTTGGGGGTACA 










MMP-I 


forward 
reverse - 
hybrid 


TGGGAGCAAACACATCTGAC 
ATCACTTCTCCCCGAATCGT 
ATCACTTCTCCCCGAATCGT 
CCATATATGGGTTGGATGCC 


560 


478 


64 


33 


TLMP-1 


forward 
reverse 
hybrid 


OTAGGGGATGCCGCTGACA 
GGCAGGCAGGCAAGGTGACG 
GGCAGGCAGGCAAGGTGACG 
GGATGGATAAACAGGGAAAC 


351 


274. 


64 


30 



Tg indicates lhyToglocuiine; TSH-R, thyroid stimulating hormone receptor, MMP-), matrix metaltoproicinase-I; TTMP-I,, tissue inhibitor of 
me tail oprott in asc - 1 ; bp, base pair. 



RESULTS 

Thyroid specific and. cytokine receptor 
mRNA expression 

Isolated thyrocytes as well as 8505 C cells expressed Tg 
arid thyroperoxidase (TPO) mRNA, whereas transcripts of 
the TSH-R (exons 1-4, 354 bp, exons 4-10, S96 bp) were 
present only in the thyrocytes. The three anaplastic thy- 
roid carcinoma cell lines SW 1736^ C 634, and HTh 74 
were completely negative for the Tg, TPO, and TSH-R mR- 
NAs (Fig. 2). AJ1 cell lines and thyrocytes expressed 1L-1R 
(type J and type II), TNF-oR (p75 and p55) and IFN-yR 
mRNA (Fig. 2). 

Basal MMP-1 and TIMP-1 mRNA and 
protein expression 

In most stimulation experiments, mRNA levels did not 
increase until 24 hours of incubation. The 24-hour mRNA 
levels are shown in Figures 3 and 4. The 3* and 6-hour 
levels are demonstrated in those experiments where the 
mRNA levels reached their peak be/ore 24 hours of stim- 
• ulation. If nor otherwise indicated, the MMP-1 levels were 
measured using the ELISA system, which recognizes 
free/complexed MMP-1. 

MMP-1 and TIMP-1 mRNA were found during un- 
stimulated culture in all investigated cell types, although 
the mRNA levels varied over a great range. 8505 C showed 
a basal MMP-1 mRNA level 20 rimes as high as those of 
the HTh 74 cells, 6 X 10 4 times as high as C 643, and 2 X 
I0 6 times as high as SW 1736 cells. In thyrocytes, MMP- 
1 mRNA levels were found near the detection limit (Figs. 
3 and 4). 

Generally, when analyzing the noted cell types, the mea- 
sured basal MMP-1 or TIMP-I mRNA levels correlated 
well with the basal protein expression (MMP-1: r = 0.99, 
f>< ,0001;T1MP-J:r = 0.98, p < .002). Corresponding to 
the high MMP-1 mRNA level, 8505 C cells secreted ex- 
iremely high levels of MMP-1. No MMP-1 or TIMP-1 was 



detected in unstimulated 'thyrocyte cultures, at any rime- 
point examined. All other cell types showed a spontaneous 
MMP-1 and TIMP-1 secretion (Figs. 5 and 6). Thyroid- 
derived fibroblasts produced basal TIMP-1 levels of up to 
4 times higher in the four carcinoma cell lines, which se- 
creted nearly the same amounts of basal TTMP-1 protein. 
Nevertheless, TIMP-1 secretion of fibroblasts was found 
at lower levels than expected after TLMP-1 mRNA mea- 
- 5urement in 4 of 5 analyzed patients. The results of the fi- 
broblast cultures from patient five showing a higher TTMP- 
1 expression than those from ihe 4 other patients (basal 
24 hour: 50 ± 2; PMLA 24 hour: 90 6 ng/mL TIMP-1) 
was omined in Figure 6. 

Comparing the basal amount of free/complexed and 
TIMP-1 complexed MMP-1 after 24 hours of stimulation, 
a significant level of MMPT was not complexed with 
TIMP-1 in 8505 C cultures, whereas in fibroblast cultures 
most of the MMP-1 activity was inhibited by TLMP-1 . The 
anaplastic carcinoma cell line HTh 74 did not show such 
a great discrepancy between free/complexed and TLMP-1 
complexed MMP-1 level as 8505 C cells {Fig. 7). 

Effects of I L- la on MMP-1 and TIMP-1 mRNA and 
protein expression 

Experiments were performed 10 determine whether hu- 
man thyroid epithelial cells and thyroid carcinoma cell lines 
could produce or increase basal MMP-1 and TIMP-1 se- 
cretion after exposure to various stimuli. The results from 
these stimulation experiments are summarized in Figures 
3 through 5. Generally, there was a delay in protein se- 
cretion level in comparison to the mRNA expression levcl. 
Ai the protein level, the cytokine-mediated stimulating or 
inhibiting effect is more distinct after 48 hours compared 
with 24 hours, even when the mRNA level had already de- 
creased after 6 hours. 

IL-1 upregulated MMP-1 mRNA in SW 1736-cclIs up 
to 100 times and, in rhyroid-derived fibroblasts, up to 12 
times after 24 hours of incubation (Fig. 3). This increased 
mRNA level was accompanied by a significantly enhanced 
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FIG. 2. Amplification of thyroid specific and inter Icukin- receptor mRNA in thyrocytes (1), SW 1736 (2), C 643 (3), HTh 
74 (4) and 8505 C (5) cells using RT-PCR; M ( = 100-bp ladder (GIBCO). 



MMP-1 secretion after 48 hours. Furthermore, IL-1 or in- 
creased MMP-1 mRNA expression in thyrocytes up to 
seven limes after 6 hours, but no MMP-1 protein could be 
detected in thyrocyie cultures. IL-1 had no stimulatory ef- 
fect on MMP-1 mRNA expression in C 643, HTh 74, and 
8505 C cells after 24 hours, although a significant increase 
of MMP-1 secretion was found in HTh-74 and SW 3736 
cells after 48 hours of incubation (Fig. 5). This discrepancy 
may be explained by a possible increase in MMP-1 mRNA 
level after 24 hours, of stimulation. The same effect could 
also be observed in the IL-1 stimulated TIMP-1 at the 
mRNA as well as the protein level: the only slight effect 
of IL-1 on TIMP-1 mRNA expression in carcinoma cell 
lines after 24 hours was accompanied by a significant in- 
crease of TJMP-1 secretion in 8505 C and HTh 74 cells 
after 48 hours (Figs. 4 and 6). 

Effects ofTNF-a on both MMP-J/T/MF-J mRNA 
and protein expression 

In contrast to IL-1, TNF-ar did not stimulate the MMP- 
I and TJMP-1 mRNA and protein levels in all carcinoma 
cell lines and ihyrocyies. Only thyroid-derived fibroblasts 
responded with a slight upregulation of MMP-1 and TIMP- 
1 mRNA expression after TNF-o stimulation, which was 
not accompanied by an increase of MMP-1 and TIMP-1 
secretion. 



Effects of PMA, and IFN-y on MMP-1 and TJMP-1 
mRNA and protein expression 

PMA was included in our study as a positive control 
because it is known to upregulateor induce both MMP- 
1 and TIMP-1 secretion in various cell types (1>32). In- 
deed, PMA was able to induce or enhance MMP-1 
mRNA levels in all cell types investigated, although the 
detected levels varied to a large extent {Fig. 3). This re- 
sult is in good correlation with the significantly increased 
MMP-1 protein levels that were already detectable after 
24 hours of stimulation {Fig. 5). PMA upregulated T1MP- 

1 mRNA levels by up to 20 times in C 643, and up to 

2 times in SW 1736 and HTh 74 cells, fibroblasts and 
thyrocytes, but it did not change the TIMP-1 mRNA con- 
tent in 8505 cells (Fig. 4). At the protein level, we found 
a significant stimulation of TIMP-1 secretion in C 643 
and HTh 74 cells, as well as in thyroid-derived fibrob- 
lasts (Fig. 6). 

In contrast to PMA, IFN-7 was without effect on stim- 
ulation or downregulaiion of MMP-1 and TIMP-1 mRNA 
or protein in 3nv of the cell types investigated (Figs 5 and 
6). 

The main inhibiror of MMP-1 isTlMP-I, which forms 
1:1 stoichiometric complexes with MMP- 1 , although some 
other inhibiiors can also bind MMP-1. On the other hand, 
TIMP-1 can bind other MMP types. 
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FIG. 3. Representative samples of competitive amplified MMP-1 mRNA of thvrocytes, thyroid-derived fibroblasts and thy- 
roid «««noina cell lines without stimulation (control) and after stimulation with 10 U/rnL IL-la and 100 U/mL TNF-a and 
IU ng/mL PMA : after 24 hours. Serial dilutions of known amounts of the competitor fragment were coamplified with identi- 
cal aliquots of cDNA. The 560-bp (cDNA) and 478-bp (competitor) PCR products were visualized by agarose gel electrophoresis 
and eth^mmbromide staining. The relative concentration of the added competitor was given in arbitrary units (AU) in the 
bmL tL ^ 35 ^west. concentration of the competitor yielding a detectable amplification for MMP-1 

Tv-r, ' 3l, ° COn JP e,,tor to cDNA fragments was determined by measuring the intensity of ethidium fluorescence with 
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DISCUSSION 

Our findings demonstrate for the first time that thyroid 
carcinoma cell lines are able to express MMP-1 and T1MP- 
1 mRNA and protein at significant levels in vitro. The ob- 
servation of spontaneous release of MMP-1 and TIMP-1 
corresponds well with earlier studies covering the secretion 
of these proteins by several carcinoma cell lines (33,34). 

However, in contrast to its clear physiological (unction 
in extracellular matrix breakdown, the role of MMP-J in 
tumor growth and metastases is still controversial 
(9-1 1,35). Recently, Murray et a I. (10) demonstrated that 
MMP-1 is associated with poor prognosis in colorectal can- 
cer, and has a prognostic value independent of the Dukes 
stage. There/ore, MMP-1 could be a larger for therapeu- 
tic intervention in such tumors. Furthermore, the hypoth- 
esis of whether or not cancer cells themselves are able to 



produce MMP, or whether cancer cells stimulate the sur- 
rounding stromal cells to secrete MMP in vivo, is disputed. 
MMP-1 mRNA and protein were detected by both in situ 
hybridization and immunohisiochemisiry in stromal as 
well as tumor cells of head, neck, gastric, colorectal, and 
mammary carcinomas (9,10,36,37). In contrast, 
Kameyama (12) demonstrated by in situ hybridization that 
the MMP-1 mRNA was not expressed in the cancer cells 
but in the surrounding fibrous capsules of srrongly differ- 
entiated papillary thyroid carcinoma tissue. Highly differ- 
entiated follicular care inomas and follicular adenomas 
were depleted for MMP- 1 transcripts. Undifferentiated fol- 
licular^ papillary, and aggressive anaplastic carcinomas 
thai showed poor prognosis and strong tumor invnsive and 
metastatic potential and that can be compared in their 
morphological, genetic and growth features with undiffer- 
entiated thyroid carcinoma cell lines were not included this 
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FIG. 4. Competitive TiMP-1 mRNA RT-PCR yielding a 351-bp fcDNA) and a 274-bp (competitor) PCR product. For fur- 
ther details see Figure 3. 



study. However, the missing expression of MMP-1 by nor- 
mal thyrocytes and the spontaneous secretion of this pro- 
tein by highly malignant thyroid carcinoma cell lines, as 
demonstrated in our study, indicate the involvement of 
MMP-1 secretion of transformed thyrocytes in aggressive 
thyroid tumors. 

Although all cell lines analyzed in our study sponta- 
neously secreted MMP-1, we observed marked differences 
in the basal secretion capacity. The highest MMP-1 levels 
were determined in cultures of 8505 C cells. Only 8505 C 
cells expressed TPO and Tg mRNA thai may be put down 
to residual differentiated components in the cell line (sec 
Materials). However, none of the analyzed cell lines ex- 
pressed TSH-R mRNA. The cell population doubling times 
were Jess than 40 hours. All cell lines had accumulations 
of multiple genetic events. These facts indicate the undif- 
ferentiated pathology of the studied lines. It is well known 
that anaplastic carcinoma cell lines well retain the malig- 
nant characterises of their parental tumors (38-40). 

Furthermore, we found a distorted proportion berween 
MMP-1 and T1MP-I mRNA/protein for carcinoma cell 
lines but not for normal thyroid-derived fibroblasts. The 
most disadvantageous constellation between MMP-1 and 
T1MP-J was found in 8505 C cells. Similar to oiher stud- 
ies (41), rhese results suggest the influence of an altered 
MMP/T1MP relation on tumor profession. However, it 



should be mentioned that most studies, including the pre- 
sent one, do not take into consideration that a number of 
inhibitors distinct from TIMP-1 may regulate MMP-1 ac- 
tivity. Taking into account that the balance of active en- 
zyme and TIMP-1 concentration strongly influence the ex- 
tent of local matrix degradation, a number of studies 
showed unexpectedly high levels of TIMP-1 in malignant 
neoplasms (9,42,43). There is a great discussion as to 
whether the overall expression of MMP-J and TJMP-1 or 
the amount of noncomplexed MMP-1 could be critical in 
aggressive tumor development. This fact underlines the na- 
ture of tissue breakdown, reflecting the complicated net- 
work of selective and coordinated production of individ- 
ual proteinases and inhibitors under normal and 
pathophysiological conditions. Thus, the invasive and 
metastatic potential of thyroid tumors depends on the lo- 
cal net level of active iMMPs. 

The synthesis of MMP-1 and TIMP-1 is influenced by a 
variety of biochemical stimuli. The recent findings on 
MMP-J and TIMP-1 gene promoters are useful in under- 
standing the complex mechanisms implied in the regula- 
tion of MMP synthesis modulated by cytokines ar\d tumor 
promoters (34 t 44,45). The promoter regions contain tu- 
mor promoter responsive elements (TRE) and binding mo- 
tifs for the transcription factor PEA-3, which are recog- 
ni7cd by proto-oncogenic transcription factors T such as the 
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FIG. 7. Comparison bcrween (i) free/complex and <ii> TIMP- 
1 completed MMP-1 levels, and (iii) JIMP-1 levels in super- 
natants of unsrimulated 8505 C and HTh 74 cells, and thy- 
roid-derived fibroblasts after 24 hours using a (i) MMP-1 
EUSA that recognizes total MMP-1 {see Figure 5). The (ii) 
MMP-l/TIMP-1 assay recognizes MMP- I/T1MP-1 complexes 
ic, activated MMP-1 thai has subsequently been completed 
with the specific MMP inhibitor TIMP-1. The (iii) T1MP-1 
EUSA recognizes total TIMP-1, ie, free TIMP-1 and that com- 
plexed with MMPs. 



fos and jun family (45-47). IL-1, TNF-cr, and PMA up- 
regulate prdto-oncogenes like fos and jun, resulting in the 
stimulation of MMP-1 and TIMP-1 (45,48). The action of 
the cytokines is mediated by their specific receptors. In our 
study, 1L-1R (type I and type II), TNF-aR (p75 and P 55) 
and IFN-yR mRNAs were demonstrated in all investigated 
cell types. PMA and IL-1 were shown to elevate MMP-1 
and TIMP-1 in nearly all cell types investigated, thus con- 
firming the results of several studies on other epithelial cells 
(reviewed in refs. 1,7,49). In :the majority of experiments, 
we found a concordant expression of MMP- 3 and T1MP- 
1 after stimulation, possibly achieved by the coordinated 
actions of the nuclear transcription factors, although MMP- 
1 and TIMP-1 expression can also be independently or even 
reciprocally regulated (1). The effect of TNF-cr was not as 
distinct as in the case of PMA and IL-I, although several 
investigators found a pronounced effect of TNF-a particu- 
larly on TIMP-1 secretion (4,34). J„ contrast to studies per- 
formed with other cell types (863,864,819), IFN- T did not 
influence MMP- 1 and TIMP-1 expression in thyroid carci- 
noma cell lines. In summary, the involvement of the in- 
trathyroidal physiological and pathological cytokine mi- 
croenvironmem in the regulation of MMP-1 and TIMP-1 
induction activation and inhibition is strongly suggested. 

Furthermore, the data demonstrate that regular human 
■ hyrocyres did not produce MMP-1, even after powerful 
stimulation with PMA. Investigating other mammalian c P - 
Mhehal cells, only one study revealed the production of 



10. 
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MMP-1 by rabbit corneal cells (21). It is yet not clear 
whether the MMP-1 mRNA detected in thyrocytes is due 
to a low level of constitutive transcription of the MMP-1 
gene (illegitimate transcription), an existing pool of stable 
MMP- 1 mRNA, or.m vitro induction of MMP-1 mRNA. 
But it seems more likely that residual-fibrobJasts contained 
in the purified thyrocyte preparation (<G\2%) are respon- 
sible for the slightly positive RT-PCR results. Another ex- 
planation could be that thyrocytes are indeed MMP-1 pro- 
ducers, but the EUSA detection system used was not 
sensitive enough to measure extremely lew MMP-1 secre- 
tion levels. Furthermore, the discrepancy between elevated 
TIMP-1 mRNA levels pf thyrocytes and the extremely low 
TIMP-1 protein secretion by these cells is difficult to ex- 
plain. Post-transcriptional regulatory events may be re- 
sponsible for this confounding result. 

Taken together, the present study suggests that the in- 
trathyroida! cytokine microenvironment is involved in the 
regulation of MMP-1 and its inhibitor TIMP-1 in the thy- 
roid, and that both proteins may be secreted by dediffer- 
entiated thyroid carcinoma cells and involved in aggressive 
thyroid tumors rn vivo. 
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Expression of embryonic fibrouecthi isoform EIIIA parallels alpha-smooth 
muscle actio iu maturing and diseased kidney. 

Barnes VL , MusaJ, Mitchell RJ , Barnes JL . 

Department of Medicine, Division of Nephrology, University of Texas Health Science 
Center, San Antonio, Texas, USA. 

In this study we examined if an association exists between expression of an alternatively 
spliced "embryonic" fibronecttn isoform EIIIA (Fn-EIIIA) and alpha-smooth muscle 
actin (alpha-SMA) in the maturing and adult rat kidney and in two unrelated models of 
glomerular disease, passive accelerated anti-glomerular basement membrane (GBM) 
nephritis and Habu venom (HV)-induced proliferative glomerulonephritis, using 
irmnunohistochemistry and in situ hybridization. Fn-EIIIA and alpha-SMA proteins were 
abundantly expressed in rhesangiuni and. in periglomerular and peritubular interstitium of 
20-day embryonic and 7-day (D-7) postnatal kidneys in regions of tubule and glomerular 
development Staining was markedly reduced in these structures in maturing juvenile (D- 
14) kidney and was largely lost in adult kidney. Expression of Fn-EIIIA and alpha T SMA 
was reinitiated in the mesahgiurh and the periglomerular and peritubular interstitium in 
both models and was also observed in glomerular crescents in anti-GBM nephritis. 
Increased expression of Fn-EIIIA mRNA by in situ hybridization corresponded to the 
localization of protein staining. Dual labeling experiments verified co-localization of Fn- 
EIIIA and alpha-SMA, showing a str ong correlation of staining between location and 
staining intensity during kidney development, maturation, and disease. Expression of 
EIIIA mRNA corresponded to protein expression in developing and diseased kidneys and 
was lost in adult kidney. These studies show a recapitulation of the co-expression of Fn- 
EIIIA and alpha-SMA in anti-GBM disease and suggest a functional link for these two 
proteins. 

PMID: 10330455 [PubMed - indexed for MEDLINE] 
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BMI-1 gene amplification and overexpressiou in hematological 
malignancies occur mainly in mantle cell lymphomas. 

£caS , Tort F, PuiyolM ; Puig X , Hernandez L , Hernandez S . Fernandez PL. van 
Lohuizen M CoIomer P. Campo E . 

The Hematopathology Section, Laboratory of Anatomic Pathology, Hospital Clinic, 
Institut d'lnvestigacions Biomediques August Pi i Sunyer (ID IB APS), University of 
Barcelona, Spain. 

The BMI-I gene is a putative oncogene belonging to the Polycomb group family that 
cooperates with c-myc in the generation of mouse lymphomas and seems to participate in 
cell cycle regulation and senescence by acting as a transcriptional repressor of the 
rNK4a/ARF locus. The BMI-1 gene has been located on chromosome I Op 13 , a region 
involved in chromosomal translocations in infant leukemias, and amplified in occasional 
non-Hodgkin's lymphomas (NHLs) and solid tumors. To determine the possible 
alterations of this gene in human malignancies, we have examined 160 
lymphoproliferative disorders, 13 myeloid leukemias, and 89 carcinomas by Southern 
blot analysis and detected BMI-1 gene amplification (3- to 7-fold) in 4 of 36 (1 1%) 
mantle cell lymphomas (MCLs) with no alterations in die INfC4a/ARF locus. BMI-l and 
pl6iNK4a mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of NHLs. BMI-1 
expression was significantly higher in chronic lymphocytic leukemia and MCL than in 
follicular lymphoma and large B cell lymphoma. The four tumors with gene 
amplification showed significantly higher rnRNA levels than other MCLs and NHLs with 
the BMI-1 gene in germline configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between BMI-1 mRNA 
levels and protein expression was observed in all types of lymphomas. No relationship . 
was detected between BMI-1 and p!6INK4a mRNA levels. These findings suggest that 
BMI-1 gene alterations in human neoplasms are uncommon, but they may contribute to 
the pathogenesis in a subset of malignant lymphomas, particularly of mantle cell type. 
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Abstract 

■ The BMJ-1 gene is a putative oncogene belonging to the PdJycorob 
group family lhat cooperates with c-myc in the generation of mouse 
- lymphomas and seems to participate in cell cycle regulation and senes- 
cence by acting as a transcriptional repressor of I he JNK4a/AJtF locos.. 
The BMJ-i gene has been located on chromosome )0pJ3, a region involved 
.in chromosomal translocations in infant leukemias, and. amplified in. 
occasional non-Horigkin's lymphomas (NHLs) and solid tumors. To de- 
termine the possible alterations of this gene in human malignancies, we 
have examined 160 lymphoproliferative disorders, 13. myeloid leukemias, 
and 89 carcinomas by Southern blot analysis and detected BMJ-I gene 
amplification (3- (o 7-fold) in 4 of 36 (11%) mantle cell lymphomas 
(MCU) with no alterations in (he JNK4a/ARF locus. BMI-J and pJ6 WK4 ' 
■ inRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of 
NHLs. BMJ-I expression was significantly higher in chronic lymphocytic 
leukemia and MCJL than in follicular lymphoma and large B cell lym- 
phoma. The four tumors with gene amplification showed significantly 
. higher mWNA levels than other MCLs and NHLs with the BM1-1 gene in 
gcrmlrne configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between 
BMJ-1 mRNA levels and protein expression was observed in all types of 
lymphomas. No relationship was detected between BMJ-1 and pl6 ,NK< * 
mRNA levels. These findings suggest that Bffl-J gene alterations in 
human neoplasms are uncommon, but they may contribute to the patho- 
genesis in a subset of malignant lymphomas, particularly of mantle cell 
type. 

Introduction 

The BMJ-I* gene is a puiative oncogene of the Polycomb group 
originally identified by retroviral insertiona] mutagenesis in E/t-c- 
myc transgenic mice infected wilh the Moloney murine leukemia 
vims (J, 2). These animals had a rapid development of pre-B cell 
lymphomas showing frequent proviral insertions near the BMJ-J gene. 
This integration resulted in BMM overexpression suggesting a coop- 
erative effect between C-MYC and BMI-J genes in the development of 
these tumors (3, 4). Recent studies have indicated that the BMJ-I gene 
may also participate in cell cycle control and senescence through the 
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JNK4a/ARF locus by acting as an upstream negative regulator of 

pJ6 INK4» pj^/pJ^ARF g£nr)e e;tpression (5) J he human Bm _ } 

gene has been mapped to chromosome 10pl3 (6), a region inyolved in 
chromosomal translocations in infant leukemias (7) and rearrange- 
ments in malignant T cell lymphomas (8, 9). More recently, high-level 
DNA amplifications of this region have been found by comparative 
genomic hybridization in NHLs and solid tumors (10, 11). However, . 
the possible implication of the BMI-J gene in these alterations and its 
role in the pathogenesis of human tumors is not known. The aim of 
this study was to analyze- the possible BMJ-J gene alterations and 
expression in a large series of human neoplasms and to determine the 
relationship with INK4a/ARF locus aberrations. 

Materials and Methods 

Case Selection. A series of 2.62 human tumors, including 173 hematolog- 
ical malignancies and 89 carcinomas (Table 1), matched normal tissues from 
all carcinomas, 1 1 samples of normal peripheral mononuclear cells, and 5 
reactive lymph nodes and tonsils, were selected based on the availability of 
fro2en samples -for molecular analysis. 

DNA Extraction and Southern Blot Analysis. Genomic DNA was ob- 
tained using Proteinase K/RNase treatment; 15 p.% were digested with EcoRl 
and ///ndlll restriction enzymes (Life Technologies, Inc., Gaithersburg, MD), 
for Southern blot analysis and hybridized with a 1.5-kb Psi\ fragment of the 
partial BMI-l cDNA (6). 

RNA Extraction and Real-time Quantitative RT-PCK. Total RNA was 
obtained from 67 lymphoid neoplasms (10 CLLs, 27 MCLs. 8 FLs, and 22 
LCLs) using guamdine/isoihiocyanate extraction and cesium/chloride gradient 
centrifug3tion. One jug of total RNA was transcribed into cDNA using 
MMLV- reverse transcriptase (Life Technologies, Inc.) and random hexamers, 
following manufacturer's directions. Sequences of . the BMI-l and the pI6 
detecrion probes and primers were designed using the Primer Express program 
(Applied Biosystems, Foster City) as follows: BMI-J sense, 5'-CTGGTTGC- 
CCATTGACAGC-3'; BMJ-I antisense, 5'-CAGAAAATGAATGCGAG- 
CCA-3': pi 6 sense, 5'-CAACGCaCCGAATAGTTACGG-3'; pi 6 antisense, ■ 
5'-AACnCGTCCTCCAGAGTCGC-3\ The probes BMI-I, 5'-CAGCTC- 
GCTTCAAGATGGCCGC-3', and pI6, 5'-CCGACGCCGATCCAGGTGG- 
GTA-3\ were labeled with 6- car boxy- fluorescein as the reporter dye. The 
TaqMai>-GAPDH Control Reagents (Applied Biosystems) were used to am- 
plify and detect the GAPDIl gene, as recommended by the manufacturer. The 
quantitative, assay amplified 1 jiml of cDNA in iwo lo four replicates using the 
primers and probes described above and the standard master mix (Applied 
Biosystems). All reactions were performed in an AB1 PRISM 7700 Sequence 
Detector System (Applied Biosysicms). GAPDIL BMI-I, and plO 1 **^ ex- 
pression was related to s standard curve derived from serial dilutions of Raji 
cDNA. The RUs of BMI-J ami plO™ 4 * expression were defined as ihe 
mRNA levels of these genes normalized to the GADP1) expression level in 
each case. 

Protein Analysis. Whole- cell prole in extracts were obtained from addi- 
tional frozen tissue available in 31 cases (7 CLLs, \2 MCLs, 8 FLs. and 4 
LCLs), loaded onto n 10% SDS-polya C ?yla.»>vdc gel. and elccrrobloUed lo a 
nilrocellulose membrane (Amcrsham). Blocked membranes were incubaied 
sequentially wiih the monoclonal antibody BM1-F6 (I?), antimouse conju- 
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Tabic I Hematological malignancies and solid tumor samples analyzed for BMJ-1 
gene alterations 



Tissue samples 


Wo, of CDSCS 


Hematological malignancies 




Hodekin's disease 


2 


B cell lymphoprolifcrative disorders 




B-Acure lymphoblastic leukemia 


14 


CLL 


29 


Hairy cell leukemia 


. 4 


FL 


15 


MCI. 


36 


LCL 


40 


T cell rymphoprolifcrative disorders 




T-Aculc lymphoblastic leukemia 


8 


Large granular cell leukemia 


4 


Peripheral T-ccll lymphoma 


8 


Myeloproliferative disorders 




Acute myeloid leukemia 


7 


Chronic myeloid leukemia 


6 , 


Solid tumors 




Colon carcinoma 


26 


Breast carcinoma 


29 


Laryngeal squamous cell carcinoma 


34" 


Total 


262 • 



gaicd to horseradish peroxidase (Amersham), and detected by enhanced chemi- 
luminescence (Amersham) according to the manufacturer's recommendations. 
Statistical Analysis. Because of Ihe non-normal distribution of the samples 
. and the small. size of some subsets of rumors, the statistical evaluation was 
performed using nonparamelric tests (SPSS, version 9.0). Comparison between 
mRNA expression levels in the different groups of NHLs was performed using 
the Kruskal-Wallis Test, with a P for significance set at 0.05. For differences 
between particular groups, the conservative Bonferroni procedure was per- 
formed, and the P was set at 0.005. The remaining statistical analyses were 
carried out using the Mann- Whitney nonparamelric V lest (significance, P 
<0.05). The comparison between BMI- J and p]6 JNK ** quantitative mRNA 
levels was also performed using the Pearson's correlation coefficient. 

Results 

BMJ-J Gene Amplification. The BMJ-J gene was examined by 
Southern b)6t in a large series of human rumors and normal samples 
(Table 1). The cDNA probe used in the study detected three £coRl 
fragments of 7.3, 3:8, and 2.6 kb and three Hindm fragments of 6.2, 
4, and 3.5 kb. BMI- J gene amplification (3- to 7- fold) was detected in 
4 of 36 (11%) MCLs (Fig. I). The amplifications were confirmed with 
both restriction enzymes. The amplified MCLs were two blasloid and 
two typical variants. No amplifications were observed in any of the 
solid tumors when compared with their respective matched non- 
neoplastic mucosa. No BMJ-J gene rearrangements were observed in 
any of the samples examined. 

BM1-J mRNA Expression. To determine the BMJ-1 expression 
pattern in NHL we analyzed BMI- J mRNA levels by real-time quan- 
titative RT-PCR in 67 lymphomas (10 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs), including the four tumors with gene amplification. A distinct 
BMI- 1 mRNA expression pattern was observed in Ihe differ en I types 
of lymphomas (Fig. 2; Kruskal-Wallis Test; P < 0.001). The BMI 
mRNA levels in CLLs (mean, 2.2 RU; SD, 1.3) and MCLs with no 
BMJ-J gene amplification (mean, 2.5 RU; SD, 2.3) were significantly 
higher than in FLs (mean, 0.9 RU; SD, 0.8) and LCLs (mean, 0.6 RU; 
SD, O.'l; Mann- Whitney nonparametric U lest; P < 0.01). The 4 
MCLs with BMI- J gene amplification showed significantly higher 
levels of expression than all other groups of minors (mean, 5.1 RU; 
SD, 1.6; P < 0.005). In addition, five typical MCLs with no structural 
alterations of ihe gene also showed very high levels of BMM mRNA 
expicssion tanging from 4 to 9.8 RU, similar lo cases with gene 
amplification (Fig. 2/1). 

BMM Piott in Kxpicssiim. BMM pioiein expression was exam- 
ined by Western blot in 31 h.mots (7 CLLs; 12 MCLs, including two 
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erases with BMJ-J gene amplification and 4 cases with mRNA over- 
expression and no structural alteration of the gene; 8 FLs, and 4 LCLs) 
in which additional frozen tissue was available. The monoclonal 
antibody against BMI- J detected three closely migrating proteins of 
M r 45.000-48,000 (2). The two more slowly migrating bands prob- 
ably represent phosphorylated isoforms of the protein (12). The two 
MCLs with gene amplification and three of four cases with mRNA 
ovei expression without amplification of the gene showed very high 
levels of protein expression. The remaining MCLs and CLLs showed . 
intermediate levels of protein expression, whereas low- or no-expres- 
sion signals were detected in the LCLs and FLs included in the study 
(Fig. 3). These results indicate that BMI- J protein expression in NHL 
is concordant with the mRNA levels observed by real-time quantita- 
tive RT-PCR. 

Relationship between BMJ-J and pJ6 ,NK4a Gene Alterations. 
The JNK4a/ARF locus has been recently identified as a downstream 
target of the transcriptional repressing activity of the BMJ-J gene, 
suggesting that this gene may contribute to. human neoplasias with 
wild type JNK4/ARF (5). Most of the lymphoproliferative disorders 
analyzed in the present study, including the four cases with BMJ-J 
gene amplification, had been previously examined for p53 gene mu- 
tations and JNK4a/ARF locus alterations, including gene deletions, 
mutations, hypennelhylation, and expression (13, 14). The four MCLs 
with BMJ-J gene amplification and mRNA overexpression and the. 
five tumors, with BMM mRNA overexpression with no structural 
alterations of the gene showed a wild- type configuration of the 
JNK4a/ARF locus (13). However, one case with BMI- J gene ampli- 
fication and one case with niRNA overexpression with no alteration of 
the gene showed p53 gene mutations associated with allelic deletions. 

To determine the possible relationship between BMJ-J and 
: p]6 INK * mRNA expression, pI6 1NK4a mRNA levels were evaluated 
by real-time quantitative RT-PCR in 50 tumors (10 CLLs, 27 MCLs, 
and 13 LCLs), including 6 cases with alterations in the J NX 4 a/A RF 
locus (2 MCLs and I LCL with pJd 1 ™** gene deletion, 2 LCLs with 
pJ6 promoter hypermethylntion, and 1 CLL with pJ6™ K4 ° gene 
mutation), and the 4 lymphomas with BMJ-J amplification. Negative 
or negligible levels of pJ6 JfNK4a were observed in the 6 tumors with 
JNK4a/ARF locus alterations. These cases were not included in the 
comparisons between BMM and pl6 1NK4a mRNA expression. The 
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expression levels were relatively similar in the different 



types of tumors. Only LCLs tended to have lower levels of expression, 
but the differences did not reach statistical significance (Fig. 2B). No 
differences were observed in the p^ 1 *** 3 mRNA levels between 
rumors with BMJ-J gene amplification and overexpression and lym- 
phomas with germline configuration of the gene. 




Fig. I. Southern bloi aiwIyMs of BMI- J renr. Ftmr MCLs [MCL *) showed BMI- / ecne 
amplification (3- w> 7-foid) t omparcd w ith non -neoplastic tissues (A*) ami other NHi.s. No 
amplifications oi i?rnr reananpemrou were detected in the in naming NHLs and carci- 
nomas included in the ".rudv. 
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CLL 



LCL 



Fig. 2. A, quant.tativc DM1- 1 mRNA transcript analysis (median and range) using 
real-time IH-rCR in 3 series of NHLs. MCLs with BMU) gene amplification (A/C/.*) 
revealed significantly higher ovciatt DM1- 1 mRNA levels than all other types of NHLs. 
including MCLs with no srrochira) alterations of the gene {P < 0.005). MCLs and CLLs 
expressed significantly higher levels than FLs and LCLs [P < 0.00)). Results are depicted 
as the ratio of absolute BMM:GADP1I mRNA ttanscript numbers (RU). Bars, SD. B. 
quantitaliyc p)6 ,NK4B mRNA transcript analysis (median and range) using real-tiroc 
RT-PCR in a series of NHLs. Expression levels weir relatively similar in the different 
types of rumors. Results are depicted as the ratio of absolute pl6' N,w "-GADPH mRNA 
transcript numbers (RU). Bars, SD. 



Discussion • 

Jn the piescnl study, we have examined a large series of human 
rumors for the presence of gene alterations and mRNA expression of 
the JIM I- J gene. Gene amplification was identified in four MCLs. 
These tumors showed significantly higher levels of mRNA and pro- 
letn expression compared with other lymphomas with BMI-I in germ- 
line configuration. BMI-J expression levels were also highly up- 
rcgulnted in a subset of MCLs with no apparent structural alterations 
of ihc gene. No alterations were detected in any of the different types 
of carcinomas included in the study. BMI-J is considered an oncogene 
belonging lo the Polycomb group family of genes. These proems 
mainly act as transcriptional regulators, controlling specific target 
genes involved in development, cell differentiation, proliferation, and 
senescence. Different studies have shown the implication of BMJ- J 
overexpiession in the development of lymphomas in murine and 
feline animal models (3 : 4). The findings of the present study indicate 
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for the first time that BMI-J gene alterations in human neoplasms are 
an uncommon phenomenon, but they seem to occur mainly in a subset 
of NHLs, particularly of. mantle cell type. 

The human BMJ-I gene has been mapped to chromosome J Op J 3. 
High-level DNA amplifications and gains in this region have been 
identified by comparative genomic hybridization in occasional solid 
rumors and NHLs (10, 1J). Different chromosomal translocations 
involving the 10pI3 region have also been identified in infant leuke- 
mias and T cell JymphoproJiferative disorders (7, 8, 15). Most acute 
leukemias with this chromosomal alteration occur in children <J2 
months of age, whereas it seems to be extremely rare in adults. 10p 
translocations in T-cell lymphoproliferative disorders have been ob- 
served mainly in adult T cell Jeukemia/lymphomas and occasional 
cutaneous T cell lymphomas. In our study, we did not observe BMI-I 
rearrangements or amplifications in any of the acute leukemias or T 
cell lymphomas. However, all of the acute leukemias in this study 
were diagnosed in patients over 16 years, and no adult T cell leuke- . 
mia/lymphomas or cutaneous lymphomas could be included in the 
series. Similarly, high-level DNA amplifications at the 10pl3 region 
have been detected in head and neck carcinomas and other solid 
tumors. Although we found no. evidence for BMI-J gene rearrange- 
ments or amplifications in a substantial set of carcinomas, this does 
not exclude the possibility of increased gene expression or protein 
levels in these rumors. Additional studies are required to elucidate the 
possible involvement of BMI-J in these particular groups of human 
neoplasms. 

In human hematopoietic cells, BMJ-I is preferentially expressed in 
primitive CD34+ bone marrow cells, whereas it is negative or very 
low in more mature CD34- cells (16). In peripheral lymphocytes, and 
particularly in follicular. B cells, BMI-I protein expression has been 
detected in resting cells of the mantle zone, whereas it is down- 
regulated in proliferating germinal center cells (17, 1 8). These obser- 
vations indicate that BM1-1 expression in normal hematopoietic cells 
is tightly regulated in relation with cell differentiation in bone marrow 
and antigen-specific response in peripheral lymphocytes. BM1-1 ex- 
pression in human rumors has not been examined previously. In this 
study, we have demonstrated that BMI-I mRNA and protein expres- 
sion show a distinct pattern- in different types of lymphomas. Thus, 
BM1- 1 levels were low in LCLs and FLs and significantly higher in 
MCLs and CLLs. These findings suggest that BM 1-1 expression 
patterns in B cell lymphomas maintain in part the expression profile 
of their normal cell counterparts; because FLs and at least a subgroup . 
of LCLs are considered lymphomas derived from follicular germinal 
center cells, whereas MCLs and CLLs are tumors mainly derived from . 
naive pregerminal center cells. However, the four MCLs with BMI-J 
gene amplification expressed significantly higher mRNA levels than 
all other tumors. In addition, five MCLs with no structural alterations 
of the gene showed high mRNA levels similar to those observed in 
tumors with BMI-J gene amplification, suggesting that other mecha- 
nisms may be involved in iip-regulalion of the gene in these lympho- 
mas. Different studies using animal models have shown a dose- 
dependent effect of BMI-I gene expression on skeleton development 
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Fit. 3. Western Mot analysis of LtMi- i p.uicin in NHLs. The amplified MCL (t7t>24) 
showed (hr highest BM1- 1 protein levels, whenrw other MCU and CLLs had intermedial* 
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and lymphomagenesis (K 3). These observations suggest that the high 
mRNA and protein levels delected in a subset of MCLs may play a 
role in the pathogenesis of these neoplasms. 

Recent studies have identified the JNK4/ARF Jocns as a down- 
stream target of the BMM transcriptional repressor activity, suggest- 
ing thai BMJ-I overexpression may contribute to human neoplasias 
that retain the wild-lype }NK4a/ARF Jocus (5). Interestingly, in our 
study, BMJ-J amplification and overexpression appeared in tumors 
with no alterations in/? J^ 4 * and pJ4 AKF genes. However, we could 
not detect differences in the expression levels of p]6™ K4ii in rumors 
with arid without BMJ-J gene alterations. The reasons for this apparent 
. discrepancy with experimental observations are not clear. One possi- 
bility may be thai genes other than JNK4a/ARFzre the main targets of 
BMM repressor activity in these rumors. Particularly, different genes 
of the } 10X family are regulated by BM J- 1 and may also be involved 
in lymphomagenesis (19, 20). - 

In conclusion, the findings of this study indicate that BMJ-J gene 
. expression is differentially regulated in B cell lymphomas. Alterations 
of the gene seem to be an uncommon phenomenon in human neo- 
plasms, but they may contribute to the pathogenesis in. a subset of 
MCLs.. Although, BMJ-J gene alterations occurred in tumors with 
wild-type !NK4a/ARF locus, the possible cooperation between these 
genes and the oncogenic mechanisms of BMM in human neoplasms 
Tequire additional analysis. 
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Histopathology is insufficient to predict disease progression and clinical outcome in lung adeno- 
carcinoma. Here we show that gene-expression profiles based on mkroarray analysis can be 
used lo predict patient survival in early-stage lung adenocarcinomas. Genes most related to sur- 
vival were identified with univariate Cox analysis. Using either two equivalent but independent 
training and testing sets, or 'leave-one-out' cross-validation analysis with all tumors, a risk index 
based on the top 50 yenes identified low-risk and high-risk stage I lung adenocarcinomas, which 
differed significantly with respect to survival. This risk index was then validated using an inde- 
pendent sample of lung adenocarcinomas that predicted high- and low-risk groups. This index 
included genes not previously associated with survival. The identification of a set of genes that 
predict survival in early-stage lung adenocarcinoma allows delineation of a high-risk group that 
may benefit from adjuvant therapy. 



Lung cancer remains the leading cause of cancer death in indus- 
trialized countries. Most patients with non-small cell lung can- 
cer (NSCLC) present with advanced disease, and despite recent 
advances in multi-modality therapy, the overall 10-year survival 
rate remains a dismal 8-10%'. However, a significant minority of 
patients (-25-30%) with NSCLC have stage I disease and receive 
surgical intervention alone. Although 35-50% of patients with 
stage I disease will relapse within 5 years 2 "*, it is not currently 
possible to identify specific high-risk patients. 

Adenocarcinoma is currently the predominant histological 
subtype of NSCLC (rels. 1,5,6). Although morphological assess- 
ment of lung carcinomas ran roughly stratify patients, there is a 
need to identify patients at high risk lor recurrent oi metastatic 
disease. Preoperative variables that affect survival of patients 
with NSCLC have been identified" ,0 . Tumor size, vascular inva- 
sion, poor differentiation, high lumor-proliferative index and 
several genetic alterations, including K-ras (refs. 11 J 2) and p53 
(refs. 10,13) mutations, have prognostic significance. Multiple 
independently assessed genes or gene products have also been 
investigated lo better pi edict patient prognosis in lung can- 
cer '*•'*. Technologies that simultaneously analyze the expression 
ol thousand* of genes" can be used to correlate gene-expression 
patterns with numerous clinical parameters— including patient 
outcome— to better predict tumor behavior in individual pa- 
tients™. Analyses of lung cancers using array technologies have 
identified subgroups ul tumors that differ according to turnoi 
type and histological subclasses and, to a lesser extent, survival 
among adenocarcinoma patients 71 '", fine we correlated gene- 
ex pi ession pi of iles with clinical outcome in a cohort of patients 
with lung adenocarcinoma and identified specific genes that 



predict survival among patients with stage I disease. For further 
validation, we also show that the risk index predicted survival in 
an independent cohort of stage 1 lung adenocarcinomas. 

Hierarchical profile clustering yields three tumor subsets 
Using oligonucleotide arrays, we generated gene-expression pro- 
files for 86 primary lung adenocarcinomas, including 67 stage 1 
and 19 stage Ml tumors, as well as 10 nonneoplastic lung sam- 
ples. Selected sample replicates showed high correlation among 
coefficients and reliable reproducibility. We determined tran- 
script abundance using a custom algorithm and the data set was 
trimmed of genes expressed at extremely low levels, that is, 
genes were excluded if the measure of their 75th percentile value 
was less than 100. Although potentially resulting in the loss of 
some information, trimming in this maimer decreased the possi- 
bility that the clustering algorithm would be strongly influenced 
by genes with little or no expression in these samples. 
Hierarchical clustering with the resulting 4,966 genes yielded 3 
clusters of tumors (Fig. 1). All 10 non-nebplastic samples clus- 
tered tightly together within Cluster 1 (data not shown). We ex- 
amined the relationships between cluster and patient and turn or 
characteristics (Fig. J and Supplementary Figure A online). There 
were associations between cluster and stage [P - 0.030) and be- 
tween cluster and differentiation [P = 0.01). Cluster 1 contained 
the greatest percentage (42.8%) of well differentiated tumors, 
followed by Cluster 2 (27%) and Cluster 3 {4.7%). Cluster 3 con- 
tained the highest percentage of both poorly differentiated 
N7.6%) and stage III tumors (42.8%), yet contained 3 1 1 4.3%) 
moderately differentiated and J (5%) well differentiated Mage I 
tumor. Notably, 1 1 stage I tumors were present in Cluster 3. sug- 
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gesting a common gene-expression profile for 
this subset of stage I and stage ill tumors. . 

For patients with stage 1 and stage 111 tumors, 
the average ages were 68.1 and 64.5 years and 
the percentage of smokers was 88.9% and 
89.5%, respectively. Marginally significant as- 
sociations between cluster and smoking his- 
tory were observed (P = 0.06). A significant 
relationship between histopathological classifi- 
cation and ciuster was only discernible for 
bionchioloaiveolai adenocarcinomas (BAs), 
which were onJy present in Clusters ) and 2 
(/>= 0.0055) and comprised 35.7% and 12.3% 
of tumors for Ousters 1 and 2, respectively. 

We examined the heterogeneity in gene-ex- 
piession profiles based on the trimmed data set among normal 
lung samples and stage 1 and stage HI adenocarcinomas by calcu- 
lating correlation coefficients between all pairs of samples. In 
contrast to normal lung samples that displayed highly similar 
gene- expression profiles (median correlation, 0.9), both stage I 
and 111 lung tumors demonstrated much greater heterogeneity in 
their expression profiles with lower correlation coefficients (me- 
dian values, 0.82 and 0.79, respectively). 

Northern-blot and imnninohistochernistry analyses 
Of the 4,966 genes examined, 967 differed significantly between 
stage I and 111 adenocarcinomas, a number in excess of that ex- 
pected by chance alone (248 at alpha level (u) = 0.05). Three 
genes were arbitrarily selected to verify the microairay expression 
data. The mRNA from 20 of the normal lung and tumor samples 
was examined by northern-blot hybridization with probes for in- 
sulin-like growth factor-binding protein 3 [IGFBPZ), cystatin C 
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Fig. 1 Unsupervised classification analysis ol lung adenocarcinomas. 3 classes of tumors identi- 
fied by agglomeratrve hierarchical clustering of gene-expression profiles using the 4 ; 966 expressed 
genes. Patient and histopathologica! information for each lung adenocarcinoma case by cluster 
designation and methods for K-ros 1 2/1 3th-codon mutational status and nuclear p53 protein ac^ 
cumulation are provided (Supplementary Figure A online). TN classification denotes informatJon 
regarding patient tumor si2e and nodal involvement. Associations between cluster membership 
and patient or histopathologica! variables are indicated at significance level (Pi 0.05). 



arid lactate dehydrogenase A {LDH-A) (Fig. 2a). Two gene probes 
not represented on the microarrays were used as controls, includ- 
ing histone H4, a potential index of overalf ceil proliferation, and 
28S ribosomal RNA, a control for sample loading and transfer. 
The relative amounts of JGFBP3, cystatin C and. LDH-A mRNA 
strongly correlated with microarray-based measurements (Fig. 
2b). In both assays, IGFBP3 and LDH-A mRNA levels increased 
from stage I to stage III adenocarcinomas and were higher than 
those in normal lung. Cystatin C mRNA levels were more variable 
but relatively greater in normal lung than tumors. These results 
suggest that the oligonucleotide microarrays provided reliable 
measures of gene expression. The tumors showed slightly greater 
histone H4 expression than the normal lung, likely reflecting in- 
creased proliferation of tumor cells. 

lmmunohistochemistry was performed for 1GFBP3, cystatin C 
and HSP-70 to determine whether mRNA over expression was re- 
flected by an increase of their corresponding proteins in tumors. 
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\'kj. ? Validation analyses ol gene- e> pies - 
sron piofiliiig. «, Northern- blot analysis of 
selected candidate genes tot verilk atiorv of 
data obtained from oligonucleotide arrays. ricnrn-m * 

The same sample RNA lor the 4 uninvolved 
lung, 8 stage I and 8 stage Ml Inmois was 

used lor the noi (hern- blot and oligonuc leoliiie an ay analyses, 
b. Con elation analysis ol quantitative data obtained horn oligonucleotide 
an ays and northern blots measured by integrated phosphoi imager- based 
:ignal\ toi tho ICSBP3 and tDH. A genes. Ihe ratio of IGIPP2, cysiatin C 
and tOH- A mRNA to ?85 rUNA was determined. "I he K'lativp values lor 
ea«h gene from path sample are ^hovvn. n, non- neoplasia normal lung; 
t. stage I tumors; 3, stage til inmois. 1, Irnmimohistochemii al anaiyM.-. C l 
ICIBP-3. ltiP-70 and cystatin C in lung and limu adrnm an inomas. 
C\topl:.:.ini(. ICI BP- 3 immunore activity in a iieoplailM rjland ( tumor I ??) 




Cystatin C 



Cystatin C 



with prominent apical staining (blue reanant staining, anow, upper left). 
Diffuse cytoplasmic HSP-70 immunoieac tivity (tumor l?7), yet stromal ef- 
emcnis show no reactivity (upper right). Normal lung parenchyma (lower 
lelt) shows cytoplasmic cystatin C immunoreac tivity in alveolar pneurno- 
rytes (arrow) and intra alveolar manophagrs but tumor (190) shows dil- 
fuse cytoplasmic cystatin C immunorpac tivity with prominent apical 
staining (lower right). Magnification. >?00 
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Immunol eactivi I y for both JGHiP-3 and HSP-70 (Fig. 2 c) was de- 
tected in the cytoplasm of the adenocarcinomas, with little de- 
tectable reactivity in the stromal or inflammatory cells. Cystatin 
C was detected in alveolar pneumocytes and intra-alveolar 
macrophages in non-neoplastic lung parenchyma and also con- 
sistently in the cytoplasm of neoplastic cells. 

Gene-expression proliles pi edict survival 

As expected, Kaplan-Meier survival curves (Fig. 3o) arid log-rank 
tests indicated poorer survival among stage III compared with 
Mage I adenocarcinomas [P = <O.0O0J). Two statistical ap- 
ptoaches were used to deteimine whether gene-expression pro- 
files could predict survival using the data set of 4,966 genes. In 
one approach, equal numbers ol landomly assigned stage I and 
Mage I)] tumors constituted training in = -J3) and testing (n = 43) 
sets. In the training set, the top 10, 20, SO or 75 genes were used 
to create risk indices that were evaluated for their association 
with survival using the 60th, 60th or 70th percentile cutoff 
points to categorize patients into high or low groups. The results 
were similar across cutoff points but the 50-gene risk index had 
the best overall association with survival in the training set. 



Fig. 3 Gene- expression profiles and patient survival, a. Relationship be- 
tween tumor stage and patient survival (stage I and stage 3 differ signifi- 
cantly, P< 0.0001). b, Relationship between the survival, in the 43 test 
samples and their risk assignments based on the 50-gene risk index esti- 
mated in the 43 training samples. The high- and low-risk groups differ sig- 
nificantly (P = 0.024). c, Relationship between patient survival and the risk 
assignments in test samples (in b) conditional for tumor stage. The high- • 
and low-risk stage I groups differ significantly (P= 0.028), whereas stage III 
low- and high-risk groups did not <P = 0.634). d. Relationship between sur- 
vival in the test cases and their risk assignments based on the.86 leave- one- 
out' cross-validation of the 50-gene risk index. The high- and low-risk 
groups differ significantly (P = 0.0006). r, Relationship between test case's 
risk assignment and survival (in d) conditional on tumor stage. The high- 
and low-risk stage I rung adenocarcinoma groups differ significantly from 
each other (P = 0.003), whereas low- and high-risk stage III tumors do not. 
/, Relationship between tumor class identified by hierarchical clustering and 
patient survival. Survival for patients in Cluster 3 differed relative to the tu- 
mors in Cluster 2 (P= 0.037) and approached significance for Cluster 1 and 
2 combined (/>= 0.06). g , Analysis of the Michigan-based risk index using 
top cross- validated survival genes identify a low- and high-risk group in an 
independent cohort of 84 Massachusetts- based lung adenocarcinomas that 
are significantly different (P= 0.003). h, Among the 62 stage I lung adeno- 
carcinomas in the Massachusetts sample, the high- and low-risk groups dif- 
fered significantly (P = 0.006). 



After conservatively choosing the 60th percentile cutoff point 
from the training set, we then applied this risk index and cutoff 
point to the testing set. The risk index of the top 50 genes cor- 
rectly identified low- and high-risk individuals within the inde- 
pendent testing set (P = 0.024) (Fig. Zb and Supplementary 
Methods online). Notably, 3] stage 1 tumois were included in 
the high-risk subgroup. When this risk assignment was then 
conditionally examined for stage progression (Fig. 3c), low- and 
high-risk groups among stage I tumors were found to differ (P = 
0.028) in their survival. 

Identification of a robust set of survival genes 
Although predictive ol patient survival, a single training-testing 
set may not provide the most robust set of genes due to random 
sampling issues. Therefore, a 'leave-one-out' cross-validation ap- 
proach was used to identify genes associated with survival from 
all 86-tumor samples. We.first developed a 50-gene risk index in 
each training set, and then applied the risk index to the test case 
held out from the hill set of tumors and assigned the held out 
tumor to the high or low-risk groups (Fig. 3d). The high and 
low-risk subgroups determined in the test cases differed signifi- 
cantly in their overall survival (F = 0.0006). Among the larger 
group ol stage I lung adenocarcinomas, the low- risk {n = 46) and 
high-risk [n = 21) groirps had markedly different survival {p = 
0.003) (Fig. 3e). Table 1 lists selected examples ol the cumulative 
top 100 genes derived from this cross-validation procedure 
(complete list in Supplementary Table A online). 

It was also rioted that many of the stage I patients in the high- 
risk subgroup (lig. 3c) were present in Cluster 3 (Fig. J). 
Kaplan-Meier analysis (Fig. 3/) demonstrated a significant Iv 
worse survival [P = 0.037) lor patients in Cluster 3 relative lo pa- 
tients in Cluster 2 and approaching significance for Cluster 1 
and 2 combined iP = 0.06). This further indicates the important 
relationship between gene- expression profiles and patient sur- 
vival, independent ol disease stage. 

Consistent with previous analyses of lung adenocarcinomas 7 ', 
-10% ol stage I and 57.S% of stage III tumors had 12th or 13lh 
cod on K-/,j> gmr mutations. Those patients wjtb tumors con- 
taining K-ir.s mutations showed a trend of poorer survival, but 
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Table 1 Selected examples of the top 1 00 genes from cross-validation 
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Apoptosis- related 


CASP4 
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0.02 
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Caspase A, apoptosis- 














related cysteine protease 
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0.03 
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Transmembrane protein (63 kD), 
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Cell cycle and growth regulators 


BMP2 
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0.0044 


Bone morphogenetic protein 2 
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0 05 
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0 01 24 


CDC6 (cell division cycle 6, 
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5TX1A 


8.65E-08 


54% 


0,07 
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Syntajtin 1A (brain) 














Cell signaling 


ADM 


0.05 


39% 


0.04 
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0.001 6 


adrenomedullin 


AKAP 12 
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0.001 0 


. A kinase (PRKA) anchor protein (gravin) 1 2 
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-39% 


* 0.05 
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0.0092 


ras homolog gene family, member E 


GRB7 


2 O2E-03 


38% 


U.OJ 


15% 


0.0030 


Growth factor receptor-bound protein 7 


VEGF 
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0.001 3 


Vascular endothelial growth lac tor 


WNT10B 


■0.05 


31%* 


0 48 


20% 


0 0022 


Wingless- type MMTV integration site family. 




























Chaperones 


US PAS 


0.36 


8% 


9.01 E-04 


51% 


0.0008 


Heat-shock 70 kD protein 8 














Receptors 


ERBB2 


0.04 


92% 


0.37 


120% 


0.0013 


v-erb-b2 avian erythroblastic leukemia viral 














■ oncogene homolog 2 


FXYD3 


0.10 
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0.31 
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0.0046 


FXYD domain-containing ion transport 
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1 .34E-03 
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Solute carrier family 20 (phosphate 
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Eniymes, cellular metabolism 


CSTB 


1.571-04 


50% 


0.15 


34% 


0.0001 


Cystalin B (stelin B) 


CTSL 


0.48 


-10% 


0.03 


67% 


0.0007 


Cathepsin L 


CYP24 
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2% 


0:0008 


Cytochrome P450, subfamily XXIV 
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0.0033 


Fucosyltiansterase 3 (galactoside 3(4)-l- 
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0.70 
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0.42 


80% 


0.0007 


Steroidogenic acute regulatory protein related 


PDE 7A 


0.1? 


33% 


0.01 


-35% 


-0.0187 


Phosphodiesterase 7A 


PLCL 


0.04 


-68% 


0.35 


- 1 70% 


-0.001 1 


Plasminogen- like 
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-37% 
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86% 


0.0069 


Solute earner family 1 (high- affinity aspartate/ ' 
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Transcription and translation 
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0.0016 


Core promoter element binding protein 
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v-cik avian sarcoma vims CT 10 oncogene 
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Table 1 5f let led e>arnples of the tumulalive top 100 genes identilird using 
training- testing, < ross- validation of all 86 lung tumor samples. The penent 
channe, as well as the direr tion, loi the average values of the 10 non- neoplasm 
lung to all tumors, and tor the 67 Mage I to the ) 9 stage III tumors are shown. A 
[Xisilrve < oellitirnt |i value ii indicative of a relationship of gene opressron to a 



poorer patient outcome. The genes are listed in potential turn tional categories.' 
Genes I hat were also present in the top 50 survival genes using die 4 3- tumor 
training set (Fig. 3b) are indicated in bold type. Complete lilting oi the gene 
probe sets and annotated gene and wnigene identifiers tan he lound in the 
Vtpplernentary Methods. 
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this difference did not reach statistical significance among all 
patients (P= 0.25), between patients within tumor clusters (P = 
0.41) or when analyzed separately among stage I (P = 0.22) and 
stage III 0.53) patients. Nuclear accumulation of p53 was de- 
tected in 17.9% stage! and in 22.2% stage 111 tumors. Nosignifi- 
. cant , relationship was observed for p53 staining and patient 
survival, cluster or tumor stage. 

Confirmation using an independent set of adenocarcinomas 
The robustness of our 50-gene risk index in predicting survival in 
lung adenocarcinomas was tested using oligonucleotide gene-ex- 
pression data 6btained from a completely independent 
(Massachusetts-based) sample of 84 lung adenocarcinomas (62 
stage I, 14 stage U and 8 stage III; ref. 21, and dataset A at 
www.genome.wj.mit.edu/MPR/Iung)'. To ensure equivalent 
power for testing and comparability of samples, the criteria for 
including tumors in the analysis were 40% or greater rumor cellu- 
larity, no mixed histology (that is, adenosquamous) and patient 
survival information. To obtain comparative gene- expression 
measures between the two data sets, gene sequences present on 
the U95A and HuGeneFL array were examined, and expression 
data for our top 50 cross-validation genes for all 84 Massachusetts 
samples were obtained and processed 74 (see. also Supplementary 
Methods online ). When we examined the risk assignment of 
these.84 samples, employing the identical cutoff point used for 
(he 86 Michigan-based lung samples, we observed low- and high- 
risk groups (Fig. 3j; F= 0.003). Notably, among the 62 stage 1 tu- 
mors, high- and low-risk groups were observed that differed 
significantly (P = 0.006) in t heir survival (Fig. 3Ai).. 

Survival genes hod graded and outlier expression patterns 

A statistical and graphical analysis of the 100 survival-related 



genes (Table 1) clustered against all 86 tumors revealed individ- 
ual rumors with substantially elevated expression in both a lim- 
ited and larger number of genes (Fig. 4a). Among these genes, we 
observed two distinct patterns of expression related to patient 
survival. One pattern, designated 'outlier', included genes show- 
ing substantially elevated expression (greater than five times the 
interquartile range among all samples), whereas the. other pat- . 
tern, designated 'graded', was characterized by continuously dis- 
tributed expression with patient survival (Fig. 4b). The erbB2 and 
RegJA genes are examples of outlier expression patterns and 
SWOP and ak genes of graded patterns. The number of outliers 
per person in the top 100 genes was identified and plotted ac- 
cording to survival times and events (Fig. 4c). Both stage I and 
stage III lung adenocarcinomas showed outlier gene patterns 
and 10 tumors contained 3 or more outlier genes. 

Because gene amplification may result in increased gene ex- 
pression, the nine genes with outlier expression patterns (erfcB2, 
SLC1A6, Wnt 1, MGBi , /fc^lA, AK/LP12, PACE, CYP24, KYNU) 
and one gene with a graded expression pattern {KRTTiB) were ex- 
amined using quantitative genomic PCR to evaluate genomic 
copy number (Fig. Sa). Gene amplification of erbB2 (17ql2) was 
detected in tumor L94, which had the highest erbK2 mRNA ex- 
pression (Rg. 4a). Gene amplification was not detected for any 
of the other seven tested genes in tumor L94, as well as in other 
tumors. The two genes most frequently demonstrating the out- 
lier pattern in these lung adenocarcinomas were KYNU and 
CYP24, and were present in. 10 and 9 tumors, respectively. 
CYP24 has been described as a gene amplified and overexpressed 
in breast cancer", and these results indicate elevated expression 
in lung adenocarcinoma. 

To determine whether the graded or outlier gene-expiession 
patterns also occur at the protein-expression level, 10 of the 100 
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r»g. 5 Gene amplification and piolein expression ol >un/rval-i elated genes, 
o, Analysis ol potential gene amplification for 9 genes showing outlier expres- 
sion patterns in the lung (union (erbR2, MOA6, Wnt 1, MGBI, tfeolA, 
AKAPM, PACl, CYP24 and KYNU) and examined using quantitative genomic 
KH. A gene showing graded expression pattern (K/cT18), and one gene 
(PACl 4) with a similar t hiomoiome location as PMt, were u>ed as controls. 
Only trbRl and Reg) A are .\hown. An esophageal adenocau inoma with 
known high level genomic amplification ol e/f:B? was used as a positive con- 
tiol and normal esophagus ONA was used as a negative contiol (Ctl). PCR 
fragments si?es weie 343 hp (or CAPOfi, 166 bp lor abB? and 1 ?6 bp tor 



Reg} A. ONA is tiom normal lung (N) and tumoi(T) horn each patient (lor ex- 
ample 137). b, Immunohis tot hemic al analysis of survival related genes with 
lung adenocarcinoma mici oat rays using the tumors horn this sludy. I he 
transmembrane erbB? protein (top lelt) expression is substantially increased 
in tumor I 9*1 containing the arnplilied etbftl ger>e (I ig. **o and b). Expression 
0l VECI {top right) and 51 OOP {bottom lelt) was looted within the neoplas- 
tic cells and the pattern ol rmmunoreactivily was consistent with thr qiaded 
expression pattern demonstrated by their rnRNA pioliles. Impression ot the 
oncogene (tk (bottom right) was abundantly e>pressed in neoplastic lung 
tf -Els. Magnification x-100 (eibB?); >?0t)(V[O, M OOP and crV). 
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lop survival genes (Table ]) for which specific antibodies were 
available weie chosen for immunohistochemieal analysis using 
lung-tumor arrays from this study (Fig. 5b). Expression of mem- 
biane erbB2 protein was substantially increased in the erfcB2-am- 
plified tumor L94 and very low levels of expression were present 
in other tumors, consistent with mRNA- expression measure- 
ments (Fig. 4a and b). CDC6 protein expression was also sub- 
stantially higher in tumor L94; consistent with mRNA levels 
(data not shown). Expression of vascular endothelial growth fac- 
tor (VEGF) and Si OOP (Fig. 5b) t as well as cytokeratin 18 (KRT18), 
' cytokeratin 7 (KRT7) and fas-associated death domain (FADD) 
prolein (data not shown), was located within the lung tumor 
cells and consistent with the graded expression pattern of the 
mRNA profiles. The oncogene crk showed both graded mRNA as 
well as a graded protein-expression pattern with survival, and 
was abundantly expressed in the tumor cells (Fig. 5b). These re- 
sults indicate that many survival- associated genes are expressed 
at the protein level and demonstrate similar mRNA and protein- 
expression patterns. 

Discussion 

We used several approaches for the analysis of gene-expression 
data related to clinicopathological variables and patient sur- 
vival. One approach, hierarchical clustering, was used to exam- 
ine similarities among lung adenocarcinomas in their patterns 
of gene expression. Previous studies of lung tumors 2 '-" have also 
used this method to describe subclasses. of lung tumors. Mere, 
we found three clusters that showed significant differences with 
respect to tumor stage and tumor differentiation. This suggests, 
as expected, thai tumors with similar histological features of 
differentiation demonstrate similarities in gene expression. 
This feature also partly underlies the observed statistical associ- 
ation of lumoi stage and cluster, as many of the higher-singe tu- 
mors, often poorly differentiated and previously associated 
with a reduced survival" 0 , were located in Cluster 3. Although 
this cluster, contained the highest percentage of stage III tu- 
mors, it also contained a nearly equal mixture of stage 1 and 
stage 111 tumors and not all tumors were poorly differentiated. 
This indicates that a subset of stage J lung adenocarcinomas 
share gene-expression profiles with higher-stage tumors. 
Notably, 10 of the 11 stage I tumors found in Cluster 3 were the 
high-risk stage I tumors identified using the risk index in the 
'leave-oneouf cross-validation. 

■ In contrast to previous analyses of Jung adenocarcinomas^-", 
we validated the 'expression data Irom the arrays. The strong cor- 
relation of noil hem-blot analysis and oligonuclcotide-array data 
lor gene expression in the same samples (Fig. 2b) indicates that 
these studies provide robust gene- expression estimates. 
Immnnohislochemistiy using the same tumor samples in tissue 
anays demonstrates protein expression within the lung tumor 
cells. Together, ihese studies indicate thai many of the genes 
identified using gene-expression profiles are likely relevant to 
lung adenocarcinoma. For example, JGFBP3 gene expression is 
increased in lung adenocarcinomas (Fig. 2c). 1GFBP3 protein 
modulates the autocrine or paracrine effects ol insulin-like 
growth factors, elevated ICl r BP3 expression is observed in colon 
cancer***, and increased serum IGFBP3 is associated with progres- 
sion in breast cancer 1 . Heat-shock protein 70 (MSP- 70) is in- 
creased in lung adenocarcinomas of smokers 7 * and is associated 
with increased metastatic potential in breast cancer". Increased" 
serum lactate dehydrogenase is correlated with tumor stage and 
tumor burden 31 ', and cyst at in C, a cysteine pro I ease inhibitor ex- 



pressed in human lung cancers 31 , is prognostic in some cancers 32 . 
The decreased expression of this protease inhibitor may affect 
the invasive properties of the lumor cell. 
. The cross-validation analytical strategy we used is particularly 
informative for these types of gene-expression analyses for dis- 
ease outcome 33 - 34 , and identification of cross- validated genes with 
a larger tumor cohort may help refine this risk index for use in a 
clinical setting. The gene- express! on data also piovide opportune 
ties to observe overarching patterns that advance our under- 
standing of associations between genes and disease. For example, 
the top 100 survival genes include those involved in signaling, 
cell cycle and growth,- transcription, translation and metabolism. 
Expression of many of these genes is likely a function of increased 
proliferation and metabolism in the more aggressive tumors. 
Some genes, such as erbB2 and JtegIA (Fig. 4a and b\ were highly 
overexpressed in a few patients having poor survival. In one 
tumor, the erbB2 gene was amplified (Fig. 5a), demonstrating that 
genomic changes may underlie the o'verexpression of a subset of 
these outlier genes. Immunohistochemistry confirmed protein 
overe^pression in this patient's tumor (Fig. 5b). Notably, seven of 
the eight outlier genes were not amplified, indicating that other 
mechanisms underlie the increased mRNA expression of these 
survival-related genes. 

Most genes showed a graded relationship between expression 
and patient survival. Genes such as that encoding VEGF, known 
to be strongly associated with survival in lung cancer 34 - 3 * were 
identified .-as related to patient survival in our study. VEGF . 
demonstrated a graded expression pattern, as did the S100P and 
ak oncogene (Fig. 5b). Si OOP is a calcium-regulated protein not 
previously reported in lung cancer. The crk gene, the cellular ho- 
molog of the v -crk oncogene, is a member of a family of adaptor 
proteins involved in signal transduction and interacts directly 
with c-jun N-terminal kinase 1 (JNKl) 37 . Although crk has not 
been shown to have a role lung cancer, its role in the MAP-ki- 
nase pathway, which leads to activation of matrix metallopro- 
leinase secretion and cell invasion 38 , indicates potential 
involvement in the the tumor cell invasion or metastasis of 
some lung adenocarcinomas. Among the many genes identified 
in ihis study, like ak, that may be causally involved in lung can- 
cer progression (Table 1), some were related lo survival in many 
patients, and others in only smaller subsets of patients. This re- 
sult is consistent with the complex molecular architecture of tu- 
mors in general, the heterogeneity of lung adenocarcinomas in 
particular and ihe multiple mechanisms underlying tumor-cell 
survival, invasion and metastasis". 

Our results demonstrate that a gene-cxpiession iisk profile- 
based on Ihe genes most associated with patient survival— can 
distinguish stage 1 lung adenocarcinomas and dilteientiate prog- 
noses. The particular genes thai define the clusters, or are associ- 
ated -with survival, likely reflect the characteristics of the 
particular tumors included in the analysis. Current therapy for 
patients with stage I disease usually consists ol surgical resection 
without adjuvant treatment 13 . Clearly, the identification of a 
high- risk group among patients with stage I disease would lead 
to consideration of additional therapeutic intervention lor this 
group, possibly leading to improved survival ol these patients. 

Methods 

Pntieni population, Sequeuiial patients seen ;)| rl lP l_'nivri<ily 0 f MUhiqan 
Hospital between May \ 994 and July ?000 lor si nor I or stage III lung ade- 
nocarcinoma weie evaluated lor this study. Consent was received and the 
piojeit was approved by the lotal Institutional Review Bo aid. Primary tu- 
mors and adjacent non neoplastic lung tissue were obtained at the time of 
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surgery. Peripheral portions of resected lung carcinomas were sectioned, 
evaluated by a study pathologist and compared with routine H&E sections 
of the same tumors, and utilized for mRNA isolation. Regions chosen for 
analysis contained a tumor. cellular ity greater than 70%, no mixed histol- 
ogy, potential metastatic origin, extensive lymphocytic infiltration or fibro- 
sis. Tumors were histopathologic ally divided into two categories based on 
their growth pattern: bronchial- derived, if they exhibited invasive features 
with architectural destruction, and bronchiploarveplar, if they exhibited 
preservation of the lung architecture. AH stage I patients received only sur- 
gical resection with intra-thoracic nodal sampling and no other treatments. 
Stage ltl patients received surgical resection plus chemotherapy and radio- 
o ' therapy. 

T3 Gene-expression profiling and K-ros mutation analysis. RNA isolation, 
£ cRNA synthesis and gene-expression profiling were performed as de- . 
£ scribed 1 *. Details of gene annotation and K-ros mutation analysis are pro- 
vided rn supplementary' information. 

c 

| Northern-blot analysis. Total cellular RNA (10 ug) was separated in 1 .2% 
Jj agarose-foimaldehyde gels and vacuum- transferred to Gene Screen Plus 
p (NEN Life Science Products, Boston, Massachusetts); Hybridization condi- 
» lions and probe labeling were as described* 0 . Individual sequence validated 
> cDNA image clones for human /G75P3 (clone 1407750), IDH-A (clone 

1 2420241), cystatin C (CTS3; clone 949938) were from Research Genetics 
^ (Huntsville, Alabama). The human histone H4 cDNA and the 28$ ribosomal 
B RNA 26-mer oligonucleotide probe were prepared and labeled as de- 
11 scribed* 0 . 

CL 

O Gene-amplification analysis. 1 1 genes were selected for the analysis of ge- 
O nomic alterations. Primers were designed using PrimerSelect 4.05 Windows 

D> 32 software (DNASTAR, Madison, Wisconsin), avoiding pseudogenes or po- 
~ tential homologous regions. Forward and reverse primers for the genes are 
. .2 provided (Supplementary Methods online). Quantitative genomk-PCR was 
•O then applied and analyzed as described". 
CL 

o) Imrnunohistochemkal staining. The H&E-stained slides of all primary 
3- lung tumors were used to identify the most representative regions of each 

2 tumor and a tissue mkroarray (IMA) block was constructed as described 4 ', 
rvi Imrnunohistochemislry (IMC) was performed using both ioutine and sec- 
o tions horn the TMA block as described*'. Detailed methods and" the con- 
M centrations used for all antibodies are provided in the Supplementary 
® Methods. 

Statistical methods, (-tests were used to identily differences in mean gene- 
§^j2r expression levels between comparison groups. Agglomerative hierarchical 
clustering 0 was applied using the average linkage method to investigate 
whether theie was evidence for natural groupings ol tumor samples based 
on correlations between gene- expression profiles. To investigate the ro- 
bustness of the clustering inference, gene-expiession values were per- 
turbed by adding random Gaussian error ol magnitude obtained liom a 
duplicate sample to each data point and then lecluslered to determine con- 
cordance in the tumor's class membership. Pearson, y 1 and fisher's exact 
tests were used to assess whether cluster membership was associated with 
physical and genetic characteristics ol the tumors. 

To determine whether gene-expression profiles were associated with 
variability in survival times, 2 separate but complementary approaches 
were used. In the first approach, the 86 tumors were randomly assigned to 
equivalent training and testing sets consisting ol equal numbers ol Mage I 
and III tumors in order ro validate a novel risk-index tutu tion that c aptnred 
the effect of many qcnes at once. In the second approach, cross-validation" 
was used to more robustly identify the genes associated with survival. 
Riielly, a 'leave-one- out' cross-validation procedure in which 85 ol the 86 
termors (the training set) was used to identify genes that were univariate!)- 
associated with survival. The risk index was defined as a linear combination 
ol the gene- expression values tor the top genes identified by univariate Cox 
proportional-hazard regression modeling" 5 , weighted by then estimated re- ■ 
giession coefficients. Kaplan- Meier survival plots and lon-iank tests were 
then used to assess whether the nsk-inde* assignment lo high/low cate- 
gories was validated in the test set. A more detailed cfesc rip I km is provided 
(Supplementary Methods online). 



Note: Supplementary information is ovoitoble on the Nature Medicine website. 
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Rapid quantitation of proinflammatory and chemoattractant cytokine 
expression in suiall tissue samples and monocyte-derived dendritic cells: 
validation of a new real-time RT-PCR technology. 

Blaschke V, Reich K , Blaschke S. Zipprich S , Ncu maun C 

Department of Dermatology, von-Siebold-Str. 3, D-37075, Goettingen, Germany. 
vblasch@gwdg!de * 

The analysis of cytokine profiles plays a central part in the characterization of disease- 
related inflammatory pathways and the identification of functional properties of immune 
cell subpopulations. Because tissue biopsy samples are too small to allow the detection of 
cytokine protein, the detection of roRNA by RT-PCR analysis is often used to investigate 
the cytokine milieu in inflammatory lesions. RT-PCR itselfis a qualitative method, 
indicating the presence or absence of specific transcripts. With the use of internal or 
external standards it may also serve as a quantitative method. The most widely accepted 
method is quantitative competitive RT-PCR, based on internal shortened standards. 
Recently, online real-time PCR has been introduced (LightCycler), which allows 
quantitation in less than 30 min. Here, we have tested its use for the analysis of cytokine . 
gene expression in different experimental in vitro and ex vivo settings. First, we 
compared quantitative competitive RT-PCR with real-time RT-PCR in the quantitation of 
transcription levels of the CD4(+) cell-specific chemoattractant Interleukin-16 during the 
maturation of monocyte-derived dendritic cells, and found a good correlation between 
both methods. Second, differences in the amounts of IL-16 rnRNA in synovial tissue 
from patients with rheumatoid artJiritis and osteoarthritis as assessed by real-time RT- . 
PCR paralleled differences in the level of IL-16 protein in the synovial fluid. Finally, we 
employed real-time RT-PCR to study the cutaneous expression of several cytokines 
during experimental immunomodulatory therapy of psoriasis by Interleukin-10, and 
demonstrate that the technique is suitable for pharmaco genomic monitoring. In summary, 
real-time RT-PCR is a sensitive and rapid tool for quantifying rnRNA expression even 
with small quantities of tissue. The results obtained do not differ from those generated by . 
quantitative competitive RT-PCR. 
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Butyrate-induced reversal of dexamethasone resistance in autonomous rat 
Nh2 lymphoma cells. 

Buckley AR, Krmnen acker JS Buckley DJ . Leff MA . Magnusou NS . Reed JC , 
Miyashita T. de Jong G . Gout PW . 

Department of Pharmacology and Toxicology, University of North Dakota School of 
Medicine and Health Sciences, Grand Forks 58202-9037, USA. 
abuckJey@maiLmed.iuid.nodak.edu 

Hie parental rat Nb2 lymphoma is a prolactin (PRL)-dependent T cell line. Exposure of a 
PRL-independent subline, Nb2-SFJCD1, to sodium butyrate (NaBT) causes transient 
reversal of their growth factor-independent proliferation in association with constitutive 
expression of protooncogenes pim-1 and c-myc. In the present study, we investigated the 
effect of NaBT treatment on the sensitivity of Nb2-SFJCD 1 cells to dexamethasone 
(DEX)-induced apoptosis. Pretreatment with NaBT (2 mM, 72 h) partially reversed 
resistance to apoptosis in Nb2-SFJCD1 cells exposed to DEX (100 nM) for 12 h, . 
assessed by flow cytometric analyses of DNA fragmentation. However, the cytolytic 
effect of DEX was abrogated by PRL in a time- and concentration-dependent manner. 
Evaluation of apoptosis-associated gene expression in NaBT-pre-treated cultures 
incubated with DEX or DEX+PRL indicated that the apoptosis resistance did not stem 
from altered bcl-2 or bax expression. However, there was a strong correlation between 
• the resistance to DEX-activaled apoptosis and their enhanced expression of pim-1 mRNA 
and protein. The results show that it is possible to reverse DEX-induced apoptosis of Nb2 
pre-T cells and suggest the pim-1 gene product has an important role as a suppressor of 
this process, perhaps functioning as a mediator of PRL action. 
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Alterations in neuropeptide Y levels and Yl binding sites in the Flinders 
Sensitive Line rats, a genetic animal model of depression. 

Caberlotto L, Jimenez P. Qversti eet PH . Hard YL , Matlie AA , Fuxe K . 

Department of Neurosci ence, Karolinska Institute, Stockholm, Sweden. 

Previously, we observed specific alterations of neuropeptide Y (NPY) and Yl receptor 
mRNA expression in discrete regions of the Flinders Sensitive Line rats (FSL), an animal 
model of depression. In order to clarify the correlation between mRNA expression and 
protein content, radioimmunoassay and receptor autoradiography were currently 
performed. In the FSL rats, NPY-iike immunoreactivity (NPY-LI) was decreased in the 
. hippocampal CA region, while Y I binding sites were increased; NPY-LI was increased 
in the arcuate nucleus. Fluoxetine treatment elevated NPY-LI in the arcuate and anterior 
cingulatc cortex and increased Yl binding sites in the medial amygdala and occipital 
cortex in both strains. No differences were found regarding the Y2 binding sites. The 
results demonstrate a good correlation between NPY peptide and mRNA expression, and 
sustain the possible involvement of NPY and Yl receptors in depression. 
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Neurokinin 1 receptor and relative abundance of the short and long 
iso forms in the human brain. 

Cabcrlotto L , Hurd YL , Murdock P , Wahlin JP , Mclotto S , Gorsi M , Carlctti R . 

Department of Biology, Psychiatry CEDD, GlaxoSmitliKIine Medicine Research Centre, 
Verona, Italy. Laura. L.Caberldtto@gsk.com 

Substance P exerts its various biochemical effects mainly via interactions through 
neurokinin-1 receptors (NK1). Recently, the NKI receptor has attracted considerable 
interest for its possible role in a variety of psychiatric disorders including depression and 
anxiety. However, little is known regarding the anatomical distribution of NK1 in the 
human central nervous system (CNS). Riboprobe in situ hybridization, quantitative PCR 
and in vitro autoradiography were performed. Highest NK1 mRNA levels were localized 
in the locus coeruleus and ventral striatum, while moderate hybridization signals were 
observed in the cerebral cortex (most abundant in the visual cortex), hippocampus and 
different amygdaloid nuclei. Very low levels of the NIC! mRNA were detected in the 
cerebellum and thalamus. In view of the existence of a long and short isoform of the NKI 
receptor, it was of interest to assess whether there was a differential distribution of the 
two splice variants in the human CNS and peripheral tissues. A quantitative TaqMan 
PCR analysis showed that the long NKI isoform was the most prevalent throughout the 
human brain, while in peripheral tissues the truncated form was the most represented. 
3H-Substance R autoradiography revealed a good correlation between receptor binding 
sites and NKI mRNA expression throughout the brain, with the highest levels of binding . 
in the locus coeruleus. These results provide the anatomical evidence that the NKI 
receptors have a strong association with neuronal systems relevant to mood regulation 
and stress in the human brain, but do not suggest a region-specific role of the two 
isoforms in die CNS. 
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Characterization of cyclin D2 expression in human endometrium. 

ChoH), Yoon S, LeeE, Hwang S . Song S, Kim j , Voon BK. LecJBL 

. Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, South.Korea. dschoi@smosamsung.co.kr 

OBJECTIVE: This study. was undertaken to investigate cyclin D2 mRNA and protein 
expression in human endometrium during tlie menstrual cycle. METHODS : Endometrial 
samples were obtained from 15 premenopausal nonpregnant women who had 
hysterectomies for benign gynecologic reasons. They were divided into the following five 
groups according to histologic dating: early proliferative (n = 3), mid to late proliferative 
(n - 3), early secretory (n - 3), mid secretory (n = 3), and late secretory (n = 3). Cyclin 
D2 mRNA and protein expression were analyzed using reverse transcriptase-polymerase 
chain reaction, Western blotting, and imrnunoliistochemistry. RESULTS: Cyclin D2 
mRNA and protein were expressed in human endometrial tissue throughout the menstrua! 
cycle. Cyclin D2 mRNA and protein expression of proliferative phase endometrium were 
.significantly higher than those of secretory phase endometrium (P <05). The staining 
intensity of cyclin D2 in proliferative phase endometrium was higher than that in 
secretory phase (P <.05). Cyclin D2 mRNA level showed good correlation with cyclin 
D2 protein level (R = 0.579, P <.03), and cyclin D2 protein also showed good correlation 
with immunohistochemical staining intensity (R = 0.562, P <.03). CONCLUSION: 
Cyclin D2 was expressed in human endometrium tliroughout the menstrual cycle. Cyclin 
D2 mRNA and protein were expressed at high levels in proliferative phase endometrium, 
especially in the early proliferative phase, and then decreased in die secretory phase. 
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Human chorionic gonadotropluu beta expression in malignant Barrett's 
oesophagus. 

Couvclard A , Paraf F . Vidaud D , Dubois S . Vidand M , Flcjou JF, Dcgott C . 

Service d* Anatomic Pathologique, Hopital Beaujon, 921 18 Clichy cedex, France, 
anne.co uve! aid @bjn.ap- hop-pans, fr 

BACKGROUND: Human chorionic gonadotrophin beta (hCGbeta) is expressed in 
several non-trophoblastic tumours, and this is usually associated with aggressive 
behaviour. Little is known about hCGbeta expression in Barrett's adenocarcinoma. 
MATERIALS AND METHODS: We determined the hCGbeta profile in a large series of 
surgically resected Barrett's adenocarcinoma (a) at mRNA level using real-time 
quantitative reverse-transcription polymerase chain reaction analysis and (b) at protein 
level using Lmmunohistochemistry with a polyclonal antibody and with a monoclonal . 
antibody specific for free hCGbeta. We then sought links between the hCGbeta protein 
expression pattern and clinical and pathological parameters, including patient outcome as 
well as vascular endothelial growth factor (VEGF) expression. RESULTS: hCGbeta 
protein expression was observed in 43 of 76 (57%) Barrett's adenocarcinomas. We 
showed a strong correlation between hCGbeta protein abundance and CGB mRNA level. 
We observed a statistical fink between hCGbeta protein expression and infiltrative 
tumour type ( P=0.023), perineural neoplastic invasion ( P=0.007) and VEGF protein 
expression ( P=0.016). hCGbeta expression tended to be associated with a poor outcome 
(16% versus 36% survival 8 years after resection): CONCLUSION: Expression of 
hCGbeta correlates with specific infiltrative characteristics and is associated with higher 
VEGF expression. Both molecules may play a co-ordinated role in the development of 
Barrett's adenocarcinomas. 
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Downregulatioa of ENaC activity and expression by TNF-alpha in alveolar 
epithelial cells. 



epithelial cells 

pagenais A, Frechette R, Yamagata Y . Yamagata T CarmelJF . Clermoat ME 
Brochicro E Masse C . Bertliiaume Y . 

Centre de recherche, CHUM-Hotel-Dieu, 3850 St-Urbain, Montreal, Quebec, Canada 
H2W 1T7. andre.dagenais.chum@ssss.gouv.qc.ca 

Sodium absorption by an amiloride-sensitive channel is the main driving force of lung 
liquid clearance at birth and lung edema clearance in adulthood. In this study, we tested 
whether tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine involved 
in several lung pathologies, could modulate sodium absorption in cultured alveolar 
epithelial cells. We found that TNF-alpha decreased the expression of the alpha-, beta-, 
and gamma-subunits of epithelial sodium channel (ENaC) mRNA to 36, 43, and 16% of 
the controls after 24-h treatment and reduced to 50% the amount of alpha-ENaC protein 
in these cells. There was no impact, however, on alpha(l) and beta(l) Na(+)-K(+)- 
ATPase mRNA expression. Amiloride-sensitive current and ouabain-sensitive Rb(+) 
uptake were reduced, respectively, to 28 and 39% of the controls. A strong correlation 
was found at different TNF-alpha concentrations between the decrease of amiloride- 
sensitive current and alpha-ENaC mRNA expression. All these data show that TNF- 
alpha, a proinflammatory cytokine present during lung infection, has a profound 
influence on the capacity of alveolar epithelial cells to transport sodium. 
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Involvement of the CCNDl gene in hairy cell leukemia. 

dc Boer CJ , Kluin-Nelcmaris JC . Dreef E , Kester MG , KJuin PM Schuuring E, van 
Krieketi J1L 

Department of Pathology, University of Leiden, The Netherlands. 

BACKGROUND: Previous results suggested increased mRNA expression of CCNDl in 
hairy cell leukemia (HCL). The CCNDl gene is involved in the t(l I;l4)(ql3;q32) 
chromosomal rearrangement, a characteristic abnormality in mantle cell lymphoma 
(MCL). We and others reported that, in contrast to other B-cell lymphomas, almost all 
MCL have over-expression of the CCNDl gene with a good correlation between RN A 
and protein analysis. Recent studies showed that overexpression of the cyclin Dl protein 
can be easily detected by irrununohistochemistry (IHC) on formalin-fixed, paraffin 
embedded tissues. PATIENTS AND METHODS: To investigate whether the CCNDl 
gene is involved in HCL, we performed IHC on a series of 22 cases using formalin-fixed 
paraffin embedded splenectomy specimens. For IHC the sections were boiled in citrate 
buffer. The presence of rearrangements within the BCL-l locus and the CCNDl gene 
was analyzed in 13 of 22 cases by Southern blot analysis using all available break-point 
probes. Expression of CCNDl was analyzed at the mRNA level (Northern blot) and 
protein level (IHC). RESULTS: Overexpression of the cyclin Dl protein using IHC was 
observed in all cases, with strong expression in 5. cases. Pre-existing B- and T-cell areas 
of the spleen did not express significant levels of the cyclin Dl protein. Seven of 9 cases 
analyzed by both IHC and Northern blotting showed overexpression of the CCNDl gene 
with both methods. No genomic abnormalities were observed in any of the 13 cases 
studied by Soudiern blot analysis. Additionally, no I lql3 abnormalities were detected by 
banding analysis of 19 of 22 cases. CONCLUSIONS: The elevated levels of CCNDl 
mRNA and protein in conjunction with the absence of overt rearrangements within the 
BCL-l locus distinguish HCL from MCL and other B-cetl malignancies. This suggests 
that activation of the CCNDl gene in HCL is due to mechanisms other than chromosomal 
rearrangement. 
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Iuhibin and activin production and subunit expression in Iiumau placental 
cells cultured in vitro. 

Debievc F; PampfcrS . Thomas K . 

Department of Obstetrics and Gynecological Endocrinology, Universite Catholiquede 
Louvain, 1200 Brussels, Belgium. 

Inhibins and activins are dimeric proteins, with each subunit being one of three related 
protein subunits (alpha, betaA or betaB). The mRNA levels of these subunits were 
studied quantitatively during in-vitro differentiation of human cytotrophoblast cells into 
syncytium, using Northerablot analysis and semi-quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) analysis. The corresponding protein concentrations 
were determined by specific enzyme-linked immunosorbent assays for inhibin A, B, pro 
alphaC and activin A in cellular protein extracts and culture medium (n = 5). 
Immunofluorescence studies showed syncytium formation after 48 h. The alpha subunit 
was present before plating and increased at 48 h (P<0.001) while the betaA subunit was 
weak before plating and increased at 24 h The betaB subunit was not detected. With 
respect to corresponding protein synthesis, inhibin A (alpha + betaA) had risen after 48 h 
in cellular protein extract and after 72 h in culture medium, while activin A (betaA + 
betaB) was detected after 24 h, with no significant variations in culture medium. There 
was a good correlation between inhibin A and alpha subunit expression (r = 0.736, 
P<0.001), as well as between activin A and betaA subunit expression (r = 0.755, 
P<0.001). This study showed that mRNA expression parallels protein synthesis of inhibin 
and activin in trophoblast cells. Inhibin A synthesis appears to be dependent on alpha 
subunitmRNA expression, rather than on the betaA subunit which controls activin A 
synthesis. This study has also shown that isolated cytotrophoblast cells do not produce 
dimeric inhibin. However, during the transformation of cytotrophoblast cells into 
syncytium, betaA subunit mRNA expression may be an indicator of cell aggregation, 
while alpha subunit mRNA expression may be an indicator of cell fusion. 
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Expression of membrane-type matrix metalloproteinases 4, 5, and 6 in 
mouse corneas infected with P. aeruginosa. 

Dong Z , Katar M , Alousi S , Berk RS . 

Department of Immunology and Microbiology, Wayne State University School of 
Medicine, 540 E. Canfield, Detroit, MI 48201, USA. 

PURPOSE: To investigate the expression and regulation of membrane-type matrix 
metalloproteinases (MT-MMPs) 4, 5, and 6 in the mouse corneas infected with 
Pseudomonas aeruginosa. METHODS: C57BL/6 J mice were intracorneally infected with 
P. aeruginosa. The expression of MT4-, MT5-, and MT6-MMP was detected at both the 
mRNA and protein levels by RT-PCR and immunoblot analysis. Immunohistochernical 
staining was performed tojocalize the expression of MT4- and MT5-MMP.in the mouse 
corneas. RESULTS; Expression. of MT4- and MT5-MMP was detected in the normal 
(uninfected) cornea by RT-PCR and immunoblot analysis. When infected with P. 
aeruginosa, the corneas showed "significant induction of each MT-MMP. Localization of 
MT4- and MT5-MMP revealed that the expression of MT5-MMP was restricted to the 
epithelial tissue in the normal cornea, whereas the induced expression of MT4- and MT5- 
MMP was predominantly in the substantia propria, which contained most of the 
infiltrating cells. MT6-MMP expression was not detected in the uninfected cornea but 
was upregulated in thelnfected corneas. CONCLUSIONS: Expression of MT4-, MT5-, 
and MT6-MMP was induced in corneas infected with P. aeruginosa. 
Immunohistochemistry showed .predominant immunoreactivity of MT4- and MT5-MMP 
in the substantia propria. Previous histologic studies have revealed different patterns of 
inflammatory cell infiltration with an increased number of polymorphonuclear 
neutrophils (PMNs) during the early stage of inflammation and increased macrophages 
during the late stage. These results indicate a good correlation between the 
overexpression of the MT-MMPs in the infected corneas and the inflammatory response- 
that is, leukocyte infiltration-indicating that inflammatory cells such as macrophages and 
PMNs may play a role in the upregulation of MT-MMPs during corneal infection, which 
in turn can cause the destruction of corneal tissue. 
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Assessment of pi *6 (iterative activity in colorectal carcinomas by 
quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 

Puchrow M . HasemcvcrS . Broil R , Bruch HP. VVindhovcl U . 

Surgical Research Laboratory, Surgical Clinic, Medical University of Lubeck, 
Ratzeburger Alice 160, D-23538 Lubeck, Germany. 

The monoclonal antibody Ki-67 and the isospecific monoclonal antibody M1B-1 are 
routinely used in oncology to assess the proliferation index of rumor cells. A more 
objective and sensitive method.is the determination of the of Ki-67 protein-specific 
mRNA by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR), In 25 
resected colorectal adenocarcinomas of different stages and grades we determined 
between 0.2 and 4.4 amol (I0(-18) mol) Ki-67 protein-specific mRNA per microgram 
total RNA (median = 0.88 amol). The corresponding Ki-67 indices (expressing the 
percentage of Ki-67/MIB-I positive tumor cells) ranged from 41 to 81% (median = 61%). 
We found a good correlation between Ki-67 index and mRNA expression (r = 0.75), a 
significant correlation between both data and tumor stage (primary tumor, regional nodes, 
metastasis (pTNM] staging classification) (p < 0.001), but not between both data and 
tumor grade. Both Ki-67 indices (p = 0.05) and rnJRNA levels (p = 0.014) correlated 
significantly to the patients* survival. These results demonstrate that the Ki-67 protein- 
specific quantitative RT-PCR is a useful method for the characterization of tumor cell 
proliferation, 
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Molecular characterisation of carbohydrate digestion and absorption in 
equine small intestine. 

13 Y cr .4> Fcrnandcz- Castano Mercdiz E Salmon ICS , Proudman CJ , Edwards CB , 
Shirazi-Becchcy SP . 

Department of Veterinary Preclinical Sciences, University of Liverpool, UK. 

Dietary carbohydrates, when digested and absorbed in the small intestine of the horse, 
provide a substantial fraction of metabolisable energy. However, if levels in diets exceed 
the capacity of the equine small intestine to digest and absorb them, they reach the 
hindgut, cause alterations in microbial populations and the metabolite products and 
predispose the horse to gastrointestinal diseases. We set out to determine, at the 
molecular level, the mechanisms, properties and the site of expression of carbohydrate 
digestive and absorptive functions of the equine small intestinal brush-border membrane. 
We have demonstrated that the disaccharidases sucrase, lactase and maltase are expressed 
diversely along the length of the intestine and D-glucose is transported across the equine 
intestinal brush-border membrane by a high affinity, low capacity, Na-t7glucose 
cotransporter type 1 isoform (SGLT1). The highest rate of transport is in duodenum > 
jejunum > ileum. We have cloned and sequenced the cDNA encoding equine SGLT1 and 
alignment with SGLTi of other species indicates 85-89% homology at the nucleotide and 
84-87% identity at the amino acid levels. We have shown that there is a good correlation 
between levels of functional SGLTI protein and SGLTI mRNA abundance along the 
length of the small intestine. This indicates that the major site of glucose absorption in 
horses maintained on conventional grass-based diets is in the proximal intestine, and the 
expression of equine intestinal SGLTI along the proximal to distal axis of the intestine is 
regulated at the level of mRNA abundance. The data presented in this paper are the first 
to provide information on the capacity of the equine intestine to digest and absorb soluble 
carbohydrates and has implications for a better feed management, pharmaceutical 
intervention and for dietary supplementation in horses following intestinal resection. 
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Suppressors of cytokine signaling proteins arc differentially expressed in 
Thl and TIi2 cells: implications for Th cell lineage commitment and 
maintenance. 

Egwuagu CE » YuCR, Zhang M , Mahdi RM , Kim SJ , Gcry I . 

Laboratory of Immunology, National Eye Institute, National Institutes of Health, 
Bethcsda, MD 20892, USA. emeka@helix.niJi.gov ' 

Positive regulatory factors induced by IL-12/STAT4 and IL-4/STAT6 signaling during T 
cell development contribute to polarized patterns of cytokine expression manifested by 
differentiated Th cells. These two critical and antagonistic signaling pathways are under 
negative feedback regulation by a multimember family of intracellular proteins called 
suppressor of cytokine signaling (SOCS). However, it is not known whether these 
negative regulatory factors also modulate Thl/Th2 lineage commitment and maintenance. 
We show here that CD4(*) naive T cells constitutively express low levels of SQCS i , 
SOCS2, and SOCS3 mRNAs. These mRNAs and their proteins increase significantly in 
nonpolarized Th cells after activation by TCR signaling- We further show that 
differentiation into Thl or Th2 phenotype is accompanied by preferential expression of 
distinct SOCS mRNA transcripts and proteins. SOCS1 expression is 5-fold higher in Thl 
than in Tii2 cells, whereas Tli2 cells contain 23-fold higher levels of SGCS3. We also '. 
demonstrate that IL-12-induced STAT4 activation is inhibited in Th2 cells that express 
high levels of SOCS3 whereas IL-4/STAT6 signaling is constitutively activated in Th2 
cells, but not Th I cells, with high SOCS1 expression. These results suggest that mutually 
exclusive use of STAT4 and STAT6 signaling pathways by differentiated Th cells may 
derive in part, from SOCS3- or SOCS I -mediated repression of IL-12/STAT4- or IL- 
4/STAT6 signaling in Th2 and Th I cells, respectively. Given the strong correlation 
between distinct patterns of SOCS expression and differentiation into the Thl orTh2 
phenotype, SOCS1 and SOCS 3 proteins are therefore Th lineage markers that can serve 
as therapeutic targets for immune modulation therapy^ 
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Intravitreal invading cells contribute to vitreal cytokine milieu in 
proliferative vitreoretinopathy. 



El-Ghrably IA , DuaJHS, Orr GM, Fischer D , Tigbe PJ . 

Larry A Donoso Laboratory for Eye Research, Department of Ophthalmology, University 
of Nottingham, UK. 

AIM: To examine the contribution of infiltrating cells in the local production of cytokines 
within the vitreous of patients with proliferative vitreoretinopathy (PVR), METHODS: 
The presence of mRNA coding for IL-6, IL-8, IL-lbeta, IL-1 alpha, TNFalpha, 
IFNgamma, IL-1 2, and HPRT was investigated in 25 vitreous samples from patients with 
PVR, 1 1 vitreous samples from patients with retinal detachment (RD) not complicated by 
PVR, and 10 vitreous samples from patients with macular hole (MH). A quantitative 
reverse transcriptase polymerase chain reaction (RT-PCR) using an internal competitor 
was used to investigate these sarnples. From these samples, 15 PVR, & RD, and 8 MH 
were analysed for the protein levels of the same cytokines using eniyme linked 
immunosorbent assay (ELISA). Spearman correlation was used to test any association 
between mRNA and cytokine protein levels^ as an indicator of the contribution these cells 
make to the intravitreal cytokine milieu. RESULTS: A strong correlation was found 
between mRNA and their respective cytokine levels : ;(protein products) for 1L-6, IL-8, IL- 
lbeta, IL-1 alpha, TNFalpha, IFNgamma (Spearman r = 0.83, 0.73, 0.67, 0.91, 0.73, and 
0.73 respectively), but not for IL-12. The median levels of IL-6, IL-8, IL-lbeta, and 
IFNgamma mRNA and their respective cytokines were significantly higher (p <0.05) in 
patients with PVR than in those with macular' hole. There was no statistically significant 
difference in the median levels of IL-1 alpha mRNA between PVR and MH but the 
cytokine IL-1 alpha was detected at a significantly higher level in PVR compared with 
MH patients. Between PVR and RD patients, there was no statistically significant 
difference in mRNA levels for all the investigated cytokines (p >0.05) except for IL-6 
where there was a statistical significance (p= 0.038). In contrast, the median levels of IL- 
6, IL-8, and IL-lbeta cytokines were significantly higher (p <0.05) in patients with PVR 
than in those with RD, whereas for IL-1 alpha and IFNgamma no significant statistical 
difference was detected between PVR and RD patients (p >0.05). When results of RD 
and MH patients were compared, a statistical difference was only detected in mRNA 
levels of INFgamma (p = 0.008). However, no difference was detected for INFgamma 
(protein product) or for any of the other cytokines between RD and MH patients. 
CONCLUSION: Levels of both protein and mRNA encoding IL-6, IL-8, IL-lbeta, and 
IFNgamma is significantly increased in vitreous samples from patients with PVR. The 
strong correlation between ELISA detectable cytokines (protein products) and their 
respective mRNA levels suggest that intravitreal, invasive cells are the major source of 
these cytokines, with the exception of lL-1'2. Cells invading the vitreous do not appear to 
locally produce 1L-12 mRNA. This would appear to implicate cells peripheral to the 
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vitreal mass as the major source of this cytokine. 
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Modulation of the glutamatergic receptors (AMP A and NMD A) and of glutamate 
vesicular transporter 2 in the rat facial nucleus after axotomy. 

Elcore L: Vassias L Vidal PP. de Wacle C 

LNRS (CNRS-Paris V), ESA 7060, Centre Universitaire des Saints-Peres, 45 rue des Saints- 
Peres, 75270 Paris Cedex 06, France. . 

Facial nerve axotomy is a good model for studying neuronal plasticity and regeneration in the 
peripheral nervous system. We investigated in the rat the effect of axotomy on the different 
subunits of excitatory glutamatergic AMPA (GLuRl-4), NMDA (NR1, NR2A-D) receptors, post- 
synaptic density 95, vesicular glutamate transporter 2, beta catenin and cadherin. mRNA levels 
and/or protein production were analyzed 1, 3, 8, 30 and 60 days after facial nerve axotomy by in 
situ hybridization and immunohistofluorescence. mRNAs coding for the GLuR2-4, NR1 , NR2 A, 
B, D subunits of glutamatergic receptors and for post-synaptic density 95, were less abundant after 
axotomy. The decrease began as early as 1 or 3 days after axotomy; the mRNAs levels were 
lowest 8 days post-lesion, and returned to normal or near normal 60 days after the lesion. The 
NR2C subunit mRNAs were not detected in either lesioned or intact facial nuclei. 
Immunohistochemisfay using specific antibodies against GLuR2-3 subunits and against NR1 
confirmed this down-regulation. There was also a large decrease in vesicular glutamate transporter 
2 immunostaining in the axotomized facial nuclei at early stages following facial nerve section. In 
contrast, no decrease of NR2A subunit and of posf-synaptic density 95 could be detected at any 
time following the lesion, "beta Catenin and cadherin immunoreactivity pattern changed around the 
cel l body of facial motoneuron by day 3 after axotomy, and then, tends to recover at day post- 
lesion 60 days. Therefore, our results suggest a high correlation between restoration of 
nerve/muscle synaptic contact, synaptic structure and function in facial nuclei. To investigate the 
mechanisms involved in the change of expression of these proteins following axotomy, the facial 
nerve was perfused with tetrodotoxin for 8 days. The blockade of action potential significantly 
decreased GLuR2-3, NR1 and NR2A mRNAs in the ipsilateral facial nuclei. Thus, axotomy- 
induced changes in mRNA abundance seemed to depend partly on disruption of activity. 
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luduction of (he estrogen receptor by growth hormone and glucocorticoid 
substitution in primary cultures of rat hepatocytes. 

Freysc huss B , Stavreus-Evcrs A , Sahlin L. Eriksson H . 

Department of Reproductive Endocrinology, Karolinska Hospital, Stockholm, Sweden. 

Hepatic estrogen receptors (ER) mediate estrogenic effects on mammalian liver 
metabolism and are thereby involved in the regulation of important 
physiological/pathological processes, such as coagulation, atherosclerosis, and 
hypertension. The regulation of the formation of the ER in primary cultures of rat 
hepatocytes was studied by assaying ER and ER mRNA under different endocrine 
conditions. The ER concentration was measured using two different methods, a ligand- 
binding technique and an ER enzyme immunoassay. The results obtained by the two 
methods showed good correlation, and linear regression analysis gave a correlation 
coefficient of 0.95. ER concentrations fell to low steady state levels within 16 h after 
establishing the cell culture and remained low in the absence of hormonal substitution 
Upon medium supplementation with pituitary GH and the glucocorticoid dexamethasone 
(DEX) in combination, the ER concentration increased 6-fold from 4.2 +•/- 1.0 to 25.8 +/- 
7.0 finol/mgcytosolic protein. ER mRNA was measured by solution hybridization. 
Substitution with GH and DEX in combination increased ER mRNA to 210 +/- 14% of 
control levels. No effect on ER mRNA stability was seen after hormone treatment It is 
concluded that the regulatory effects of GH and DEX on the hepatic ER in this in vitro 
system are very similar to the effects of these hormones under in vivo conditions. The 
inducible expression of the ER has never before, to our knowledge, been demonstrated in 
any mammalian liver cell culture system. 
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Cyclin Dl-negative mantle cell lymphoma: aclinicopathologic study based on 
gene expression profiling. 

w^^rT^' ^^-^ Wilson WH, Debbie J, OttG, Dave BJ, Sanger 

W£ fBUihJM, EimszaL, Braziel RM, M ulier-Hcrm>.lmlc UK. Campn iTGascovnelnV 
£>tan«jr y vi, Chan WC ; Lvm nlionia/Leiikpmii. IVfolccular Profiling 

Department of Pathology and Microbiology, University of Nebraska Medical Center 983135 
Nebraska Medical Center, Omaha, NE 68198-3135, USA. kfu@unmc.edu 

SS^J overe *P ressio " is be,ieved *> «* essential in the pathogenesis of mantle cell lymphoma 
(MCL). Hence, the ex.stence of cyclin Dl -negative MCL has been controversial and difficult to 
substantiate. Our previous gene expression profiling study identified several cases that lacked 
cyclin Dl expression, but had a gene expression signature typical of MCL. Herein, we report the 
cluneal, pathologic, and genetic features of 6 cases of cyclin Dl-negative MCL All 6 cases 
exhibited the characteristic morphologic features and the unique gene expression signature of . 
MCL but lacked the t(l l;14)(ql3; q32) by fluorescence in situ hybridization (FISH) analysis The 
tumor cells also failed to express cyclin Dl protein, but instead expressed either cyclin D2 (2 
cases) or cyclin D3 (4 cases). There was good correlation between cyclin D protein expression and 
the corresponding mJRNA expression levels by gene expression analysis. Using interphase FISH 
we did not detect chromosomal translocations or amplifications involving CCND2 and CCND3 ' 
loci in these cases. Patients with cyclin Dl-negative MCL were similar clinically to those with 
cyclin Dl -positive MCL. In conclusion, cases of cyclin Dl-negative MCL do exist and are part of 
the spectrum of MCL. Up-regulation of cyclin D2 or D3 may substitute for cyclin Dl in the 
pathogenesis of MCL. 
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Oxytocin receptors in boviue cervix: distribution and geue expression 
during the estrous cycle. 

FjjchlAR, iyejlR, FicldsPA, Chang SM . FieMgjyrr 

yT^yI^^^ COme " UnlV ^ Medical ^"ege. New 

Oxytocia (OT) receptor (OTR) concentrations were determined in the cervix of 
nonpregnant cows on cycle Days 0,3, 7-8, 17,and 19 (n = 3-4 cows each day)- [3HJOT 
was used as the labeled ligand. Mucosal and muscle layers of the cervix were also 
analyzed separately for both ligand binding and expression of the OTR gene using a 
newly developed RNase protection assay (RAP). Cellular localization of OTR protein 
was determmed byirrununohistochemistry. All regions of cervix from cows atestrus had 
high concentrations of OTR; in the luteal phase, all were sharply down-regulated At 

ST n*T T f had ab ° Ut 3 °- f0ld hi « h * concentrations than the muscle layer. 
OTR mRNA was readily detected by.RAP in the mucosa from estrous cows, while much 
weaker signals were found in the muscle. On Days 7- 1 7, the OTR mRNA signals in both 
mucosa and muscle were very faint or nondecectable. Thus, there was a good correlation 
between hgand binding and mRNA expression, which suggests that OTR concentrations . 
are , mainly regulated at the transcriptional level. The epithelial cells at the luminal surface 
of the mucosa were the principal site of immunoreactive OTR; muscle cells showed 
significantly weaker signals. Previously, OT was found to stimulate prostaglandin (PG) 
E2 output m vitro in bovine cervical tissues. Since PGE2 is capable of softening the 
cervix, our findings suggest that OT may have a nOvel physiological function to cause 
sortening ot the bovine cervix mediated by the release of PGE2. 

PMID: 8835394 [PubMed- indexed for MEDLINE] 
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Silencing of the throinbomoduliu geue in Iiumau malignant mela 
FurutaJ, Kancda A, Umcbavashi Y, Qtsuka F. Sugiinui a T . Ushiiima T . 

Carcinogenesis Division, National Cancer Center Research Institute, Tokyo, Japan. 

The loss of thrombomodulin (TM) expression is associated with tumour growth 
infiltration and lymph node metastasis in human tumours. In melanoma cell line's TM is 
reported to mediate cell adhesion, and its introduction into TM-negative melanoma cell 
lines suppresses their growth. In this study, we analysed TM expression in surgical 
melanoma spec.mens arid the role of its promoter methyiation in the loss of its 
expression. In 15 (75%) of the 20 specimens (five from a primary site and 15 from 
metastatic sites), melanoma cells lacked TM immunoreactivity. Methyiation of the TM 
promoter region was detected in 10 (67%) of the 1 5 TM-negative specimens by 
Sv at f T"f C ' fiC Polymerase chain reaction, whereas methyiation was detected in two 
(40 / 0 ) ot the five TM-positive specimens. In cell lines, complete methyiation of the TM 
promoter CpG .sland was detected in six (46%) of 1 3 melanoma cell lines, whereas no 
methyiation was detected in two cultured normal melanocytes. There was a good 
correlation between the methylated status of the CpG island and the loss of TM 
messenger RNA (mRNA) expression. Treatment of melanoma cell lines with a 
demethylating agent, 5-aza-2'-deoxycytidine, induced demethylation of the promoter 
CpG island and the restoration of mRNA and protein expression. These findings suggest 
ftat most human melanomas lack TM expression, and that methyiation of the promofer 
CpG island is one of the mechanisms responsible. 
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A sampling of the yeast protcotne. 

EutchcrB, LatterGI, Monar^ McLaug!^^ 

fa this study, we examined yeast proteins by two-dimensional (2D) gel electrophoresis 
and garnered quant.tat.ve information from about 1,400 spots We found SET 
enormous range of protein abundance and, for identified ^T^SLtlT " 

well translated mRNA, there were about 4,000 molecules of protein The relative 
abundance of proteins was measured in glucose and ethanot media Pro teintmover was 
examined and found to be ^significant for abundant proteins. Some phosphoZtdns 
were jdajttfied. The behavior of proteins in differentia. cenrtftg^bJ^SSSS^s 
exammcd. Such experiments with 2D gels can give a g.oba. view of the ZZ^l 
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A Sampling of the Yeast Proteome 
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In this study we examined yeasl proteins by two-dimensional (2D) gel eleclropboresis and gathered quan- 
t.tative in ormat.on from about MOO spots. We found that there is an enormous range of profein abunLce 
and, for identified spots, a good correlation between protein abundance, mR*A abundance, and codon bias 
For each molecule of well-translated mRNA, there were about 4,000 molecules of protein. The relative 
abundance or proteins was measured in glucose and elhanol media. Protein turnover was examined and found 
to be insigmfican for abundant proleins. Some phospboproleins were identified. The behavior of proleins in 
differential centnfugation experiments was examined. Such experiments with 2D gels can give a global view of 
the yeast proteome. b b B 



The sequence of the yeast genome has been determined (9). 
. More recently, the number of mRNA molecules for each ex- 
pressed gene has been measured (27, 30). The next logical level 
of analysis is that of the expressed set of proteins. We have 
begun to analyze the yeast proteome bv using two-dimensional 
(2D) gels. 

2D gel electrophoresis separates proteins according to iso- 
. electric point in one dimension and molecular weight in the 
other dimension (21), allowing resolution of thousands of pro- 
teins on a single gel. Although modern imaging and computing . 
techniques can extract quantitative data for each of the spots in 
a 2D gel, there are only a few cases in which quantitative data 
have been gathered from 2D gels. 2D gel electrophoresis is 
almost unique in its 3biJity to examine biological responses 
over thousands of proleins simultaneously and should there- 
fore allow us a relatively comprehensive view of cellular me- 
tabolism. 

We and others have worked toward assembling a yeast pro- 
tein database consisting of a collection of identified spots in 2D 
gels and of data on each of these spots under various condi- 
tions (2,. 7, 8, 10, 23, 25). These data could then be used in 
analyzing a protein or a metabolic process. Saccharomyces 
cerevisiae is a good organism for this approach since it has a 
well-understood physiology as weJl as a large number of mu- 
tants, and its genome has been sequenced. Given the sequence 
and the relative lack of mirons in. S. cerevisiae, it is easy to 
predict the sequence of the primary protein product of most 
genes. This aids tremendously in identifying these proteins on 
2D gels. 

There are. three pillars on which such a database rests: (i) 
visualization of many protein spots simultaneously, (ii) quan- 
tification of the protein in each spot, and (iii) identification of 
the gene product lor each spot. Our first efforts at visualization 
and identification for S.- cerevisiae have been described else- 
where (7, 8). Mere we describe quantitative data for these 
proteins under a variety of experimental conditions. 

MATERIALS AND METHODS 
Strains and mrdia. S. tnrvtune W3U3 \MAT* ode2-J his!-} J J5 l C u?-y }J2 
irpht um3- i nml-JOO) was used (26). - Mel YNB (vcasi nilroeen base) medium 
was 1.7 g ol YNI) (Dilco) per lilei. 5 e. of ammonium sullaie per lirer and 
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adenine, uracil, and all amino acids except methionine; -Met.-Cys YNB me- 
dium was the same but without methionine or cysteine. Medium was supple- 
mented with 27c glucose (for most experiments) or wirh 2% ethanol (foj ethanol 
experiments). Low-phosphate YEPD was described by Warner (28). 

Isotopic labeling of yeast and preparation of cell extracts. Yeast strains were 
labeled and proteins were extracted as described by Garrets el al. (7 8) Briefly 
cells were grown to 5X10* cells per ml. at 30°C; I ml of culiure was'irans/erred 
to a fresh tube, and 0J mCi of pSJmethionine (e.g., Express protein labeling 
ma; New England Nuclear) was added to this J-ml culture. The cells were 
incubated for a further JO to J5 min and then transferred to a ) J-mJ microcen- 
trifuge tube, chilled on ice, and harvested by ccntriJvgation. The supernatant was 
removed, and the cell pellet was resuspended in 1 00 uJ of lysis buffer (20 mM 
Tris-HCI | P H 7.6J, 10 mM NaF, 10 mM sodium pyrophosphate, 0.5 mM EDTA, 
■0.1% deo:r/cholale: just before use, phenylmethylsulfonyl fluoride was added to 
1 mM, leupeptin was added to 1 u.g/ml, pepstalin was added to t ,xg/mJ. tosyl- 
sulfonyl phenylalanyl chloioroethyl ketone was added to 10 ug/ml, and soybean 
t opsin inhibitor was added to 10 u.g/ml). 

The resuspended cells were transferred to a screw-cap ).5-mI polypropylene 
lube containing 0.28 g of glass beads (03- mm diameter; Biuspec Products) or 
0.40 g of zirconia beads (03-mm diameter; Biospec Products). After the cap was 
. secured, the lube was inserted into a MiniBeadbeaier 8 (Biospec Products) and 
shaken a I medium high speed at 4°C for J min. Breakage was typically 75%. 
Tubes were then spun in a microcentrifuge for 10 s at 5,000 X g at 4°C. 

With a very fine pipette lip, liquid was withdrawn from Ihe beads and trans- 
ferred io a piechilled J.5-rnl tube containing 7 ul of DNase ] (0.5 mg/ro)- Cooper 
product no. 6330)-RNase A (0.25 mg/ml; Cooper product no. 5679)-Mg (50 mM 
MgCK) mix. Typically 70 uJ of liquid was recovered. The mixture was incubated 
on rce for )0 min to allow the KNase and DNase to work. 

Next, 75 P l of 2X dSDS (2x dSDS is 0.6% sodium dode'cyl sulfate [SDSJ 2% 
mejcaptoclhanol, and 0.1 M Tris-HCI |pH 8)) was added. The lube was plunged 
into boiling water, incubated for I min, and then plunged into ice. After cooling 
the tube was ccntriluged at 4'C for 3 min at M.000 X g. The supernatant was" 
transferred to a fresh tube and frozen at -70X. About 5 ul of this supernatant 
was used for each 2D gcj. 

2D Pl >lyacrvl:>midf pt |s. 2D gels were made and run as described elsewhere 
(6-8). 

Jmagr analysis of the gels. The Quest H software system was used for quan- 
titative .mage analysis (20, 22). Two techniques were used to collect quantitative 
data lor analysis by Quest Jl software. First, before the advent of phosphor im- 
agers, gels were dried and fluorographed. Each gel was exposed to film tor three 
U.tlerenl limes (typically 1 day, 2 weeks, and 6 weeks) to increase the dynamic 
range ol the data. The films were scanned along with calibration strips to relate 
film opura) density to disintegrations per minute in the eels and analyzed by (he ' 
software to obtain a linear relationship berwecn disintegrations per minute in the 
spots and optical densities of the film images. The quantitative data are «• 
pressed as parts per million of ihe total cellular protein. This value is calculalcd 
fiom the disintegrations per minute of the sample loaded onto the gel and by 
comparing the film density of each data spot with density of I he film over the 
calibration iirrps ol known radioactivity exposed lo ihe same film. This vields the 
disintegrations pei minute per millimeter foi each spot on the gel and [hence ils 
par is- per -minute, value. 

After Ihe advent of phosphm imaging, gels heaiing :, *S- labeled proteins were 
exposed to phosphor image i screens and scanned by a f .,ji phosphor imager, 
typically lot two nposmes per gel. Calibration snips ol known radioartivirv were 
exposed simultaneously. Scan data hom the phosphotirn^ci w;,.s assimilated by 
Quest Jl .so/tw 3It; . and quantitative data wcie recorded loi the spots On the gels 
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Measurements of protein lurnoyer. Cells in exponential phase were pulse- 
labeled with I^SJmerhionine, excess cold Met and Cys were added, and samples 
of equal volume were taken from the culture at intervals up to 90 min (in one 
estpenmenl) or up lo J 60 min (in a second experiment). Incorporation of 35 S into 
pjoie.n was essentially 100% by the first sample (JO min). Extracts were made, 
and equal fractions of the samples were loaded on 2D gels (i.e., the different 
samples had different amounts of protein but equal amounts of X S). Spots were 
quant itated wiih a phospborimnging and Quest software. 

The software was queried for spots whose radioactivity decreased through the 
time course. The algorithm examined all data points for all spots, drew a best-fit 
hoc through the data points, and looked for spots where this line had a statis- 
tically significant negative slope, to one of the experiments, there was one such 
spot. To the eye, this was a minor, unidentified spot seen onrv in the first two 
samples (10 and 20 min). In (he other experiment, Ihe Quest software found no 
spots meeting the criteria. Therefore, we concluded that none of the identified 
spots (and all but one of the visible spots) represented proteins with Ion* 
half-lrves. ° 
Centrifugal fractionation. Cells were bbcled, harvested, and broken with glass 
heads by the standard method described above except that no detergent (i e no 
deoxycbolate) was present in the lysis buffer. The crude lysate was cleared of 
. unbroken cells and large debris by centrifugation al 300 X g for 30 s The 
supernatant of this centrifugation was then spun at 1 6,000 X g for 10 min to give 
the pellet used (or Bg. 6B. The supernatant of the 16,000 X g, JO-min spin was 
then spun at J00.000 X g for 30 min lo give the supernatant used for Fie. 6A. 

Protein abundance calculations. A haploid yeast cell contains about A x"l0~" 
g of protein (J, i5). Assuming a mean protein mas* of 50 kDa, there are about 
50 X 10 molecules of protein per cell. There are about 1.8 methionines per 10 
kDa of protein mass which implies 45 X I0 8 molecules of methionine per cell 
(neglecnng the small pool of free Met). W c measured (i) the counts per minute 
m each spot on the 2D gels, (ii) the total number of counts on each gel (by 
integrating counts over the entire gel), and (»i) the total number of counts 
loaded on the gel (by scintillation counting of the original sample). Thus we 
know what fraction of the total incorporated radioactivity is present in each spot 
After correcting tor the methionine (and cysteine [see below]) content of each 
proiem, we calculated an absolute number of protein molecules based on the 
fraction of radioaciiviiy in each spot and on 50 x ]0 6 total molecules per cell 
The labeling matuie used contained about one-fifth as much radioactive 
cysteine as radioactive methionine. Therefore, Ihe number of cysteine molecules 
per proicm was also taken into account in calculating the number of molecules 
of protein, but Cys molecules »ere weighted one-fifth as heavilv as Met mole- 
cules. 

mRNA abundance ovulations. For estimation of roRNA abundance we used 
7 . ( f cnal w:i1 y™ °' £ cnc expression) data (27) and Atfymetrix chip hybrid- 
ization data CPa, 30). The mRNA column in Table 1 ,show s mRNA abundance 
calculated from SAGE daia alone. However, the SAGE data cr. mc from cells 
growing , n YfcPD medium, whereas our protein measurements were fiom cells 
Browing m YNB medium. In addition, SAGE data for low-abundance mRNAs 
f!S e "nw m s,a,b,icat vaiiati »»- Therefore, we also used chip hybridizalion data 
(29a >0) for mRNA liom cells grown in YNB. These hybridization data also had 
■ disadvantages. f-.iSL ihe amounts of high- abundance mRNAs were systemati- 
cally underestimated, p,obabry becui.se of saturation in Ihe hybridizations, which 
used JO jjg of cRNA. For example, the abundance of ADHi mRNA was 197 
cop.es per cell by SAGE but only 32 copies per cell by hybridization, and the 
abundance of E NG2 mRNA was 248 copies per cell by SAGE but only 41 by 
hybnd.zanon. When the amount of cRNA used in the hybridization was reduced 

11 cl£r J^Vl^ ? m0Un ' $ °' mRNA WCIC Simihj lo ,hc ^ovms determined 
.by SAGE (.9a, 29b). However, experiments using J ug of cRNA have been done 
or only some genes (29a). Because amounts of mRNA wetc normalized to 
15,1)00 per cell, and because the amounts of abundant mRNAs were underesti- 
m «K. ' * 3 ? - 2 ' 0,d ovcrcstimal « Of. Ihe abundance of nonabundant 
m oM^ S " i ; alr " l:,led mis ,:iao1 « f 2-2 by adding together the number of 
mKNA moleculrs f.om a large number of genes expressed at a low level for both 
• SAGE daia and hybridization data. The sum for the same genes from hybrid, 
izalion data rs 2.2-fold greater than that bom SAGE data. 

To take into account these difficulties, we compiled a list ol "adjusted'' mRNA 
abundance as to) lows. Km all high-abundance mRNAs of our identified proteins 
. we ujed SAGE data. For all of these particular mRNAs, chip hybridization 
JuggeMcd that mRNA abundance was the same in YEPD and YNB media For 
mcd,um-abundancc mRNAs, SAGE data w CIC med. but when h) bridizalion 
data showed a significant diflercnce between YEPD and YNB then the SAGE 
data were adjusted by the appropriate fac.or. Finally, tor low- abundance' 
mRNAs, wc used data horn rhrp hybridizations from YNB medium but divided 
by 2.2 to noimahze to the SAGE results. These calculations we.e completed 
unhoui reference lo protein ahundance. 

CA1. The codon adaptation index (CA1) was , ak cn from the yeast piotrome 
t-^u V '°' WhiCh Ca,cuIa '™» "»Kte "croHlini. lo Sharp and 

*" ^' UlR '"- v ' ,flc ,nd " Uic > ifleicnce set ol hwhlv expressed oenes to a^. K n 
a value to r,ch todon. and .hen a seme to, » calculated hum "the 

i.ruuemry ot use of ihe vjjiou.s ootkww in that gene {2-JJ, 

Staii s .i,i»l : »nalyMs. The .IMP program , IS ed »i,h the aid ot T. Tullv The 
mt program showrd thai neither mRNA no, p.oiein abundances »e, c no- 
malty d.sii.bt.led: the. Ho. e. Speannan rank coiicla.io,. okIIk^.k {, ) we.e 



calculated. The mRNA (adjusted and unadjusted) and protein, data were also 
transformed so thai Pearson product-moment correlation coefficients (r ) could 
be calculated. First, this was done by a Box-Cox transformation of log-trans- 
formed data. This transformation produced normal distributions, and an r of 
0 76 was achieved. However, because the Box-Cox transformation is complete 
also did a simpler logarithmic transformation. This produced a normal distribu- 
tion for the protein data. However, Ihe distribution for the mRNA and adjusted 
mRNA data was dose to, but not quite, normal. Nevertheless, we calculated the 
r p and found that ir was 0.76, identical lo the coefficient from the Box-Cox 
transformed data. We therefore believe that this correlation coefficient is not 
misleading, despite Ihe fact that the log(mRNA) distribution is not quite normal 



RESULTS 

Visualization of JylOO spots on three gel systems. Yeasl 
proteins have isoelectric poinis ranging from 3.1 to 12.8, and 
masses ranging from Jess than 10 kDa to 470 kDa. It is difficult 
to examine aJi proteins on a single kind of gel, because a ge] 
vyith the needed range in pi and mass would give poor resolu- 
tion of the thousands of spots in the centra) region of the geJ. 
Therefore, we have used three gel systems: (i) pH "4 to 8" with 
10% polyacrylamide; (ii) pH "3 to 1(T with 10% polyacryJ- 
amide; and (iii) nonequilibrium with 15% polyacrylamide (7, 
8). Each gel system allows good resolution of a subset of yeast 
proteins. 

Figure 1 shows a pH 4-8, 10% polyacrylamide gel. The pH 
at the basic end of Ihe isoelectric focusing gel cannot be main- 
lamed throughout focusing, and so the proteins resolved on 
such gels have isoelectric points between pH 4 and pH 6 7 For 
these pH 4-8 gels, we see 600 to 900 spots on Ihe best gels after 
multiple exposures. 

The pH 3-10 gels (not shown) extend the pi range somewhat 
beyond pH 7.5, allowing detection of several hundred addi- 
tional spots. Finally, we use nonequilibrium gels with 15% 
acryjamide in the second dimension. These allow visualization 
of about 100 very basic proteins and about 170 small proteins 
(less than 20 kDa). In tola), using all three gel systems, about 
1,400 spots can be seen. These represent about 1,200 different 
proteins, which is about one-quarter to one-third of the pro- 
teins expressed under these condilions (27, 30). Here, we focus 
on the proteins seen on the pH 4-8 gels. 

Although nearly all expressed proteins ate present on these 
gels, the number seen is limited by a problem we call coverage. 
Since there are thousands of proteins on each gel, many pro- 
teins comigrate or nearly comigrate. When two proteins are 
resolved, but are close together, and one protein spot is much 
more intense than the other, a problem arises in visualizing Ihe 
weaker spot: at long exposures when the weak signal is strong 
enough for detection, Ihe signal from the strong spot spreads 
and covers ihe signal from ihe weaker spot. Thus, weak spots 
can be seen only when they are well separated from strong 
spots. 

For a given gel, Ihe number of detectable spots initially rises 
with exposure time. However, beyond an optimal exposure, the 
number of distinguishable spots begins to decrease, because 
signals from strong spots cover signals from nearby weak spots. 
At long exposures, the whole auioradiogram lurns black. Thus, 
there is an optimum exposuie yielding the maximum number 
of spots, and at this exposure the weakest spots are not seen. 

Largely because of the problem of coverage, the proteins 
seen are strongly biased toward abundant proteins. AJI idenli- 
fied proteins have a CA1 of 0.18 or more, and we have iden- 
tified no transcription (actors or protein kinases, which are 
nonabundant proteins. Thus, this technology is useful for ex- 
amining protein synthesis, amino acid metabolism, and glyco- 
lysis but not for examining tiaiisciipiior., ON A replication, or 
the cell cvcle. 
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Spot identification. The identification of various spots has 
been described elsewhere (7, 8), At present, 169 different spots 
representing J 48 proteins have been identified. Many of these 
spots have been independently identified (2, 10, 23, 25). The 
main methods used in spot identification have been analysis of 
amino, acid composition, gene bve repression, peptide se- 
quencing, and mass spectrometry. 

Pulse-chase experiments and protein turnover. Pulse-chase 
experiments were done to measure protein half-Jives (Materi- 
als and Methods). Cells were labeled with [ 35 S]methionine for 
10 min. and then an excess of unlabeled methionine was added. 
Samples were taken at 0, 10, 20, 30, 60, and 90 min after the 
beginning of the chase. Equal amounts of 35 S were loaded from 
each sample; 2D gels were run, and spots were quanlitated. 
Surprisingly, almost every spot was nearly constant in amount 
of radioactivity over the entire time course (not shown). A few 
spots shifted from one position to another because of post- 
translational modifications (e.g., phosphorylation of RpaO and 
Efbl). Thus, the proteins being visualized are all or nearly all 
very stable proteins, with half-lives of more than 90 min. Gygi 
et al. (10) have come to a similar conclusion by using the N-end 
rule to predict protein half-Jives. This result does noi imply 
that all yeast proteins are stable. The proteins being visualized 
are abundant proteins; this is partly because they are stable 
proteins. 

Protein (jnanlitation. Because all of the proteins seen had 
effectively the same half-life, the abundance of each protein 
was directly proportional to the amount of radioactivity incor- 
porated during labeling. Thus, after taking into account the 
total number of protein molecules per cell, the average content 
of methionine and cysteine^ and the methionine and cysteine 
content of each idenlified protein, we could calculate the abun- 
dance of each identified protein (Tables 1 and 2; Materials and 
Methods). About 1,000 unidentified proteins were also quan- 
tified, assuming an average content of Met and.Cys. 

Many proteins give multiple spots (7, 8). The contribution 
from each spot wus summed lo give the total protein amount. 
However, many proteins probably have minor spots that we are 
not aware of, causing Ihc amount of protein lo be underesti- 
mated. 

When the proteins on a pH 4-8 gel were ordered by abun- 
dance, the most abundant protein had 8,904 ppm, the 10th 
most abundant had 2,842 ppm, the 300th most abundant had 
314 ppm, the 500lh most abundant had 57 ppm, and the 
1,000th most abundant (visualized at greater than optimum 
exposure) bad 23 ppm. Thus, there is more than 3 300- fold 
range in abundance among the visualized proteins. The most 
abundant 10 prole ins account for about 25% of the total pro- 
tein on the pH 4-8 geh the most abundant 60 proteins account 
for 50%, and the most abundant 500 proteins account for 80%. 
Since it seems likely that the pH 4-8 gels give a representative 
sampling of nil proteins; we estimate that half of the total 
cellular protein is accounted lor by fewer lhan 100 different 
gene products, principally glycolytic enzymes and proteins in- 
volved in protein synthesis. 

Correlation of protein abundance with mRNA abnntlnnre. 
Estimates of mRNA abundance for each gene have been made 
by SAGE (27) and by hybridization of cRNA to oligonucleo- 
tide arrays (30). These (wo methods give broadly similar re- 
sults, yet each method has strengths and weaknesses (Male rials 
and Methods). Table J lists the number of molecules or mRNA 
per cell for each gene studied. One measurement (mRNA) 
uses data from SAGE analysis alone (27); a' second incorpo- 
rates data from both SAGE and hybridization (30) (adjusted 
mRNA) (Table J: Materials and 'Methods). We correlated 
protein abundance with mRNA abundance (Fig. 2). For ad- 



justed mRNA versus protein, the Spearman rank correlation 
coefficient, r„ was 0.74 (P < 0.0001), and the Pearson corre- 
lation coefficient, r py on Jog transformed data (Materials and 
. Methods) was 0.76 (P < 0.00001). We obtained similar corre- 
lations for mRNA versus protein and also for other data trans- 
formations (Materials and Methods). Thus, several statistical 
methods show a strong and significant correlation between 
mRNA abundance and protein abundance. Of course, the cor^ 
relation, is far from perfect; for mRNAs of a given abundance, 
there is a I least a 10- fold range of protein abundance (Fig. 2). 
Some of this scatter is probably due lo post transcriptional 
regulation, and some is due to errors in the mRNA or protein 
data. For example, the protein Yef3 runs poorly on our gels, 
giving multiple smeared spots. Its abundance has probably 
been underestimated, partly explaining the low protein/mRNA 
ratio of Yef3. It is the most extreme outlier in Fig. 2. 

These data on mRNA (27, 30) and protein abundance (Ta- 
ble 1) suggest that for each mRNA molecule, there are on 
average 4,000 molecules of the cognate protein. For instance, 
for Actl (actin) there are about 54 molecules of mRNA per 
cell and about 205,000 molecules of protein. Assuming an 
mRNA half-life of 30 min (12) and a cell doubling time of 120 
min, this suggests that an individual molecule of mRNA might 
be translated roughly 1,000 limes. These calculations are lim- 
ited to mRNAs for abundant proteins, which are likely to be 
the mRNAs that are translated best. 

A full complement of cell protein is synthesized in about 120 
min under these conditions. Thus, 4,000 molecules of protein 
per molecule of mRNA implies thai translation initiates on an 
mRNA about once every 2 s. This is a remarkably. high rate; it 
implies that if an average mRNA bears 10 ribosomes engaged 
in translation, then each ribosome completes translation in 
20 s; if an average protein has 450 residues; this in turn implies 
translation of over 20 amino acids per s, a rate considerably 
higher than estimated for mammalians (3 to 8 amino acids per 
s) (1.8). These estimates depend on the amount of mRNA per 
cell (11, 27): 

The large number of protein molecules that can be made 
from a single mRNA raises the issue of how abundance is 
controlled for less abundant proteins. Many nonabundant pro- 
teins may be unstable, and this would reduce the protein/ 
mRNA ratio. In addition, many nonabundant proteins may be 
translated al suboptimal rales. We have found that mRNAs for 
nonabundant proteins usually have suboptimal contexts for 
translalional initiation. For example, there are over 600 yeast 
genes which probably have short open reading frames in the 
mRNA upstream of the main open reading frame (17a). These 
may be devices for reducing the amount of protein made from 
a molecule of mRNA. 

Correlation of codon bias with protein abundance. The 
mRNAs for highly expressed proteins prefer enlially use some 
codons rather than others specifying the same amino acid (14). 
This preference is called codon bias. The codons preferred are 
those for which the tRNAs are present in the greatest amounts. 
Use of these codons may make translation faster or more 
efficient and may decrease misincorporation. These effects are 
most important for the cell for abundant proteins, and so 
codon bias is most extreme for abundant prole ins. The effect 
can be dramatic— highly biased mRNAs may use only 25 of the 
61 codons. 

We asked whether the correlation of codon bias wild abun- 
dance continues for medium- abundance proteins. There are 
various mathematical cxpiessions quantifying codon bias; here, 
we have used ihe CAJ (2-1) (Materials and Methods) because 
il gives a result between 0 and I. The r, for CAJ versus protein 
abundance is 0.S0 [P < 0.000 J), similar lo the mRNA-proiein 



TABLE 1. Quantitative data* 



Function 



Orbohvdrale metabolism 



Protein synthesis 



Heat shock 



Amino acid synthesis 



Miscellaneous 



Name 


CA1 


mRNA 


Adjusted m 


Adhl 


0.8 JO 


197 


197 


Adh2 


0.504 


0 


Cit2 


0.185 


j 




Eriol " 


0.870 


No Nla 


Eno2 


0.892 


248 


248 


Fba] 


0.868 


179 


179 


Hxkl>2 


0-500 


13 


m i 

J U— ) 


Jell 


0.25J 


0 




Pdbl 


0.342 


5 


5 


rue J 


0.903 


226 


226 


1 IK J 


0.465 


5 


5 


rgil 


0.681 


14 


14 


Pyc) 


0.260 


1 


0.7 


Tall 


0.579 


5 


5 


Tdh2 


0.904 


63 


63 . 


Tdh3 


0.924 


460 


460 


Tpil 


0.817 


No Ma 




JttfDI 


0.762 


33 


16.5 


Eft] 2 


0 801 


ZD 


26 


Prtj' 


0.303 


4 


0.7 


RpaO 


0.793 


246 


246 


Tifl ,2 


0.752 


29 


29 


YeB 


0.777 


36 


36 


Hsc$2 


0.581 


2 


2.9 


Hsp60 


0.381 


9 


23 


Hsp82 


0.517 


2 


1.3 


Hsp104 


0.304 


7 


7 


Kar2 


0.439 


5 • 


10.1 


SsaJ 


0.709 


2 


4.3 


Ssa2 


0.802, 


10 


5 


SsbU 


0.850 


50 


50 


Sscl 


0.521 


2 


2.6 


SseJ 


0.521 


8 


8 


Sti] 


0.247 


J 


1.1 



Pioiein (Gtu) (to 3 ) Protein (Eth) (10 3 ) E/G olio 



Adel 

Ade3 

Ade5,7 

Arg4 

Gdbl 

Glnl 

His4 

llv5 

Lys9 

Met6 

Pro2 

SerJ 

Trp5 



0.229 
0.276 
0.257 
0.229 
0.585 
0.524 
0.267 
0.801 
0.332 
0.657 
0.248 
0.258 
0.3)9 



4 
2 
2 
1 

10 
11 

3 
6 
4 

No Nla 
3 
2 
5 



Act I 


0.710 


54 


AdlcJ 


0.531 


No Nla 


Ald6 


0.520 


3 


Atp2 


0.424 


1 


Bmhl 


0.322 


46 


Bmh2 


0.384 


J 


Cdc43 


0.306 


2 


Cdc60 


0.299 


2 


Erg20 


0.373 


5 


Gppl 


0.603 


)6 


Gspl 


0.621 


3 


Ippl 


0.620 


■ 4 


Lcbl 


0.173 


0.3 


MolJ 


0.423 


0 


P:tbl 


0.488 


3 


Psal 


0.600. 


15 


Rm4 


0.497 


6 


Sam! 


0.494 


5 


Sam2 


0.497 


3 


Sodl 


0.376 


36 


Ubnl 


0.212 


2 


YKL056 


0.73] 


62 


YLR109 


0.549 


21 


YMR116 


0.777 


41 



4 

1.7 

1.4 

8.1 
27 
11 

3 

6 

4 
22 

3 

1.2 
5 

54 
3 

4.1 

46 
1.4 
2.4 
0.86 
5 
5 
3 
4 

0.8 

0.45 

3 

15- 

6 

5 
15 
36 

2 
62 
21 
41 



1,230 
0 
23 
410 
650 
640 
62 
0 
41 
280 
75 
160 
37 
110 
430 
1,670 
No Mel 

358 
; 99 
12 
277 
233 
^4 

112 

35 

52 

70 

43 
303 
213 
270 

68 

96 

25 

14 

12 

14 

41 
148 

77 

15 
152 

32 
190 

30 

15 

28 

205 
47 

181 
76 

191 

134 
32 
6 

92 

234 

JJ5 
254 

19 

20 

41 
148 

44 

59 

63 
631 

14 
253 
930 
184 



972 
963 
288 
974 
215 
608 
46 
671 
33 
205 
53 
120 
34 
35 
876 
1,927 
No Met 

362 
54 
6 
100 
106 
ND 

75 

82 
135 
161 
102 
421 
324 

85 

80 
48 
44 

27 
9 

4 • 

41 

55 
104 

23 
109 

17 

80 

12 
8 

12 

J64 
43 

159 

109 

137 

147 

26 
2 

39 

158 

39 

147 

40 

16 

19 

56 

37 

2) 

20 
618 

20 
112 

40 



0.79 
>20 
12 
2.4 
0.33 
0.95 

>20 

0.73 • 

0.71 

0.75 



NR 
NR 



0.55 

0.36 
0.46 



0.67 

2.3 

2.6 

2.3 

2.4 

1.4 

1.5 

1.2 

1.7 



1.3 

1.5 

0.7 

0.52 

0.42 



0.78 



1.4 

' 0.72 



0.34 
0.58 



0.47 



0.44 
0.20 



- CA1, a measure of anion bias, is taken horn the YPD. mRNA. numbe, oi mRNA molecules pe. cell l.om SAGJE data 127V 
molecule* pencil bosed on bo.hSAGF: and chip hvb.idiwiion (30) (.see Materials and Methods); Protein (Glu). number 
YNB-.lurose, Proton ,I:,h number or molecule, or protein per cell in YNI>e.hanol; E'G ratio, rario ol prote.n abundant >Z 
no. K ,ven .1 .1 was close to J or ,1 H »- JS ,„« repeatable (NR) in multiple «tls. Some gene products (e.e T.fl ami Til? |Tin ^\) , 
|. pi.Hc.n ». an mRNA basis: these 3,e pooled. No Nfo. ihoe w us no suitable Mull I site in the .V ,^ion ol the pene. w J so ihe.e 
the mature gene p,odmt conta.ns no methionine. v and so ihm- aie »u it liable protein data. 



adjusted mRNA, number ol rnRNA 
nl molecules ol protein per cell in 
eih;mol to -jlucose. 'Hie E/G ratio is 
vere difficult to distinguish on either 
are no SAGE mRNA data; No Met, 
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TABLE 2. Functions of proteins listed in Table 1 



YPD title lines* 



Adhl 

Adh2 

CIi2 

EnoJ 

Eno2 

Fbal 

Hxkl 

Ilxk2 

Jell 

Pdbl 

Pdcl 

PfkJ 

Pfiil 

Pycl 

Tall 

Tdh2 

Tdh3 

TpiJ 

Efbl 
Eftl 
Eft2 
Pi l J 

RpaO (RPPO) 

Tifl 

Tif2 

Yef3 

Hsc32 
Hsp60 
IIsp82 
HspJW 



Ssul 
Ssa2 
SsM 
Ssb2 
SscJ 

Ssel 
Siil 

-Adel 
Adc3 
Ade5,7 
' Atit4 
Gdh) 
Gln1 
His4 . 



Ilv5 

I.ys9 
. Mci6 

Pro2 
Se,l 
T Jp 5 

Acll 

Adkl 

Ald6 

Atp2 

Bmb) 

Broh2 

Cdc-18 

Cdc60 

Ei B 20 

CppJ (Phi 2) 
Gspl 

)PPJ 
Lcbl 

Mol) (Thi4) 
Pabl 

Psal 
Rni4 
Sam I 
Sam? 
Sod! 
Uhj) 

YKL056 



Alcohol dehydrogenase I; cytoplasmic isozyme reducing acetaldehyde to etbanof regeneratin«> NAD + 
Alcohol dehydrogenase II; oxidi2es ethanol to acetaldehyde, glucose repressed 

Citrate synthase, peroxisomal (nonmitochondrial); converts acetyl-CoA and oxaloacetate to citrate plus CoA 

\ {^phosphogfycerate dehydratase}; converts 2-phospho-D-gJycerate lo phosphoenolpyruvak in glycolysis 
Enolase 2 <2-phosphoglycerate dehydratase); converts 2-phospho-D-glycerate to phosphoenolpjruvate in fh^ohSis 
Fructose bisphosphate aldolase II; sixth step in grycorysis . fii/wiyais 

Hexokinase I; converts hexoses to hexose phosphates in grycorysis; repressed by glucose 

Hexokmase II; converts hexoses to hexose phosphates in grycorysis and plays a regulatory role in glucose repression 
hpcrlrale lyase peroxisomal; carries out part of the gh/oxylale cycle; required for gioconeogenesis re P rcss,on 
Pyruvate dehydrogenase complex, E] beta subunit ' fc 

P>Tuvale decarboxylase isozyme 1 

PhtKpbotoctokinase alpha subunil, part of a complex with Pfk2p which carries out a key regulatory step in grycorysis 
Glucose-6-phosphate >somerase, convey e V * Jyj v T 5 " 

Pyruvate carboxylase 1: converts pyruvate to oxaloacetic for gluconeogeoesis 
Transaldolase; component of nonoxidaiive part of pentose phosphate pathway 

r^;-dl C ^r?" P !; OSP I: a !f I^ 10 ^ 56 ? convtrls ^lyceralrfehyde 3-phosphate to 13-dephospnogrycerale 
Glycer t .jdehyde-3 : phosph a t6 dehydrogenase 3; converts r>glycer aldehyde 3-phospbaie to 1,3-dephosphogrycerale 
Triphosphate isornerase; mlerconverls glyceraldehyde-3-phoiiphaie and dihydxoxyacetone phosphate 

Translation elongation factor EF-]p; CDP/GTP exchange factor for TefljVrel2p 

TransJaiion elongation factor EF-2; contains diphthamide which is nol essential for activity; identical to Efl2p 
Transition elongation factor EF-2; contains diphthamide which is nol essential for activiry; identical to EflJp 
Translation initiation factor eIF3 beta subunit (p90); has an RNA recognition domain P 
Acidic ribosoma! protein AO 

Translation initiation factor 4 A (eIF4A) of the DEAD box family 
Translation initiation factor 4 A (elF4A) of the DEAD box family 
Translation elongation factor EF-3A; member of ATP-binding cassette supcifamily 

Chaperonin homologous to E. coli HtpG and mammalian HSPJJO 

Mitochondrial chaperonin (hat coopeiates with HspJOp; homolog of E. coli GroEL 

Heat- inducible chaperonin homologous to £ coli HtpG and mammalian HSP90 

i^^^Tc^^ 0 ' indUCCj ,hcrm( >' 0,e ' ancc and 'csolubilizing aggicga.es of denatured proteins; important for [psr> 

""ndlo'nK fW ^ '™ — endoplasmic reticulum membrane 

Cytoplasmic chaperone; heat shock protein of the HSP70 family 

Cytoplasmic chaperone; member of the HSP70 family 

Heat shock protein of HSP70 family involved in the Iranslational apparatus 

Heat shock protein of HSP70 family, cytoplasmic 

^s&fl&FSSi ^^r;^ii n ofw?i^ i,h j- 4 * ° nd p,ays ■ c ^" o ° in •<»< * '«*»* * «•»:» 

^X^t^J^^S^^SK^ ' he swn,h s,cp " * novo n**^ »— " 

Phosphoribosylamine-glycme ligase plus phosphor ibosylformvlglycin a mid in e cvclo-ligase; bifunction.il protein • 
Argminosuccimile lyase; catalyzes the final step in arginine biosynthesis niiuncoon.n protein 

G ulamalc dehydrogenase (NADP + ); combines ammonia and o-kctoglutarate to form gtulamale 
Olutannnc synthetase; combines ammonia lo glutamate in ATP-diivcn reaction 

hTS^Tne^ P^ophosphohydrobse/hisudinol dehydrogenase; 2nd ( 3rd, and JO.h steps of 

K td"ni J bio.tn t S "^rf***™) (^Ph-keto-p-hydioxylao-l) reductoisomeiase); second step in V.. ' 



and IIv biosvnthesis pathway 

7-Gluiamyl phosphate reductase (phosphoglutamale dehydrogenase), proline biosymhetic enyyme 
Phospboserme transaminase; mvoWed m synthesis of serine from 3-phospboElvceiate 
Tryptophan synthase, last (5lh) step in tryptophan biosynthesis pathway 

Actin; involved in cell polarization, endocyiosis, and other cvtoskeletal functions 
Adenylate kinase (GTPrAMP phosphotiansf erase), cytoplasmic 
Cytosohc aceiuldehvde dehydrogenase 

Beta subunit of FJ-ATP synthase; 3 copies are found in each Fl oligomer 
Momolog of mammalian 14-3-3 protein; has stiong similarity to Bmh2p 
Homolog of mammalian J4-3-3 protein; has stiong similarity to BmhJp 

Ran. a C 1 P-b.mling p.oicin of ihe R:ts Mrpeibmily involvej in irulfickini: IhiOLeh nocleai po.es 
Inorganic pyiophosph:iiasf . niopLismic £ *^ 

^SXEi" °' CV " >PbSm nm ' Cm; °' ,,,C 3 '- C " d RNA.p..Kc«i ng complex (cleavage factor 1); has 4 RNA 
Mannose-J -phosphate guanyluansfeiasc; GDP-marmose pytophosphoniase 
Ribonucleotide reductase small subunil 
•f-Adenosylmelhionine lynthctase ] 
5-Adenosylmeihioiiine synthetase 2 
Copper -zinc supei oxide dismutase 
Uhkjui tin- activating (El) enzvme 



Yl KIDO fAhnn ?5? C | n ; h, r* ,rl)ni, * ,, ) ' ona, ;> , ^"Lolled mmo, p.olcin of 3n i r „ a | cells and higher plants 
T I.K Kiy ( AhpM Atkyl hvdioperoxide teduftase * 

YMR116 (AscJ) Abundant piptein uj.h t-nerts on t.amlationnl efficiency anil c i-ll size, has two WD (WD-40) .cpeais 

" Acrepied name Horn ,he Swlwymycn genome :.nd Yl'l). Nam „ ;„ paic „ lhc « s Kp„sr„, ch» W cs 

(.tiuitoy ol ProiCDine. Inc.. u-piimcd wiih pcinii>siim. tCi ' 
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Adj. mRNA 

FIG. 2. Correlation of protein abundance with adjusted mRNA abundance. 
The number of molecules per cell of each protein is plotted against the number 
of molecules per cell of the cognate mRNA, with an r p of .0.76. Note the 
logarithmic axes. Data for mRNA were taken from references 27 and 30 and 
combined as described in Materials and Methods. 



correlation, confirming a strong correlation between CAI and 
protein abundance (Fig. 3). The relationship between CA] and 
protein abundance is log linear from abom 1,000,000 to about 
10,000 molecules per cell. We have no data for rarer proteins. 

Jt is not clear whether CAI reflects maximum or average 
levels of protein expression. The proteins used for the CAl- 
protcin. correlation included some proteins which were not 
expressed at maximum levels under I he condition of the ex- 
periment (Hsc82, Hspl04, Ssal, Adel, Arg4, His4, and others). 
When ihese proteins were removed, from consideration and 
the correlation between CAI and the remaining (presumably 
constitutive) proteins= was recalculated, the r s was essentially 
unchanged (not shown). 

The equation describing the graph in Fig. 3 is log (protein 
molecules/cell) = (2.3 X CAI) 4- 3.7. Thus, under certain 
conditions (a CAI of 0.3 or greater; a constitutive ly expressed 
gene), a very rough estimate of protein abundance can be 
made by raising 10 to the power of [(2.3 x CAJ) + 3.7). 

The distribution of CAJ over the genome (Fig. 4) consists of 
a lower, bell-shaped distribution, possibly indicating a region 
where there is no selection for codon bias, and an upper, flat 
distribution, starling at a CAJ of about 0.3, possibly indicating 
a region where I he re is selection for codon bias. Almost all of 
the proteins whose abundance we have measured are in the 
upper, flat portion of the distribution. In the lower, beJJ-shaped 
region, we do not know whether there is a correlation between 
CA) and protein abundance. 

Changes in protein abundance in glucose and ethanol. A 
comparison of cells grown in glucose (Fig. J A) wilh cells grown 
in ethanol (Fig. IB) is shown in Table 1. As is well known, 
some proteins are induced tremendously during growth on 
'ethanol. Two striking examples are the peroxisomal enzymes 
Jell (isocitrate lyase) and Cit2 (citrate synthase), which are 
induced in ethanol by more than J 00- and 12- fold, respectively 
(Fig. I; Table 1). These enzymes are key components of the 
glyoxylate shunt, which diverts some acetyl coenzyme A 
(aretyl-CoA) from the tricarboxylic acid cycle to gluconeogen- 
csis. S. cercvisiac requires large amounts of carbohydrate for its 
cell wall; in ethanol medium, this carbohydrate comes from 
gluconeogenesis, which depends on the glyoxylate shunt and 
on. the glycolytic pathway running in revei.se. The need loi 



gluconeogenesis also explains why glycolytic enzymes are 
abundant even in ethanol medium. Thus, 2D gel analysis shows 
the prominence of the glycolytic and glyoxylate shunt enzymes 
, in cells grown on ethanol, emphasizing that gluconeogenesis, 
presumably largely for production of the cell wall, is a major 
metabolic activity under these conditions. 

During gluconeogenesis, substrate-product relationships are . 
reversed for the glycolytic enzymes. One might expect that not 
all glycolytic enzymes would be well adapted to the reverse 
reaction. Indeed, 2D gels show that in ethanol, Adh2 (alcohol 
dehydrogenase 2) is strongly induced (16), while its isozyme 
Adhl is not greatly affected. Adhl and Adh2 each interconvert 
acetaldehyde and ethanol. Adhl has a relatively high K„ for 
ethanol (17 mM), while Adh2 has a lower K m (0.8 mM) (5). 
Thus, it is thought that Adhl is specialized for glycolysis (ac- 
etaldehyde to ethanol), while Adh2 is specialized for respira- 
tion (ethanol to acetaldehyde) (5, 29). Similarly, Enol (enolase 
1) is induced in ethanol, while its isozyme Eno2 (enolase 2) 
decreases in abundance (Table 1) (4, 19). Enol is inhibited by . 
2-phosphogrycerate (the glycolytic substrate), while Eno2 is 
inhibited by phosphoenolpyruvate (the gluconeogenic sub- 
strate). (4). Perhaps Enol has a lower X m for phosphoenol- 
pynrvate than does Eno2, though to our knowledge this has not 
been tested. Thus, the 2D gels distinguish isozymes specialized 
for growth on glucose (Adhl and Eno2) from isozymes spe- 
cialized for ethanol (Adh2 and Enol). 

Many heat shock proteins (e.g., Hsp60, Hsp82, Hspl04, and 
Kar2) were about twofold more abundant in eihanol medium 
than in glucose medium. This is consistent with the increased 
heat resistance of cells grown in ethanol (3). 

Enzymes involved in protein synthesis (Efll, RpaO, and Tifl) 
were about twice as abundant in glucose medium as in ethanol 
medium. This may reflect the higher growth rate of the cells in 
glucose; 

Phosphorylation of proteins. To examine protein phosphor- 
ylation, we labeled cells with 32 P and ran 2D gels to examine 
phosphoproleins. About 300 distinct spots, probably represent- 
ing 150 to 200 proteins, could be seen on pH 4-8 gels (Fig. 5B). 
We then aligned autoradiograms of three gels, each with a 
different kind of labeled protein ( 32 P only [Fig. 5B], 32 P plus 
35 S | Fig. 5 A), and 35 S only |not shown, but see Fig. 1 for . 
example]). Jn this way, we made provisional identification of 
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FIG. 3. Correlation of piottin abundance wilh CAI. The number ol mole- 
rules pci cell oi each pi ore in is plotted against the CAJ foi thai ptotcin. Noic the 
logaiiihmir sole on ihc ptotrin axis. Data tor the CAI are horn the YPD 
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some of the 3? P-labeJed spots as particular 35 S-Jabeled spots. 
All such identifications pre somewhat uncertain, since precise 
alignments are difficult, and of course multiple spots may ex- 
actly comigrate. Nevertheless,. we believe that most of the 
provisional identifications are probably correct. Among the 
major 32 P-labeled proteins are the bexokinases Hxk) and 
HxJt2, the acidic ribosome-associated protein RpaO, the trans- 
lation factors Ycf3 and Efbl, and probably Bsp70 heat shock 
proteins of the Ssa and Ssb families. RpaO and Efbi are quan- 
titatively monophosphorylated. 

Many yeast proteins resolve into multiple spots on these 2D 
gels (7). Yef3 has five or more spots, at least four of which 
comigrate with 32 P. Tpil has a major spot showing no 32 P 
labeling and a minor, more acidic spot which overlaps with 
some • P label. Tif] has at least seven spots (7); two of these 
overlap with some 32 P label, but five do not (Fig. 5). Efll has 
at least three spots (7), and none of these overlap with 32 P, 
although there are three nearby, unidentified 32 P-)abeled spots 
(a, c, and d in Fig. 5). Spots that seem to be extra forms of 
Met6, PdcJ, Eno2, and Fba] can be seen in Fig. 6A, but there 
is little at these positions in Fig. 5. Thus, phosphorylation 
explains some but not all of the different protein isoforms seen. 

The cell cycle is regulated in part by phosphorylation. We 
compared - P-Iabeled proteins from cells synchronized in G, 
w»h cr-factor, in cells synchronized in G, bv depletion of G, 
eyebns, and in cells synchronized in M phase' with nocodazole. 
Only very minor differences were seen, and these were difficult 
10 reproduce. The cell cycle proteins regulated by phosphory- 
iatron may not be abundant enough for this technique to be 
applied easily. 

Onlrifngnl fractionation. We fractionated ^S-labeled ex- 
tracts by centrifugal ion (Materials and Methods). Fieure 6A 
shows the proteins in the supernatant of a high-speed 
(100,000 X £ ? 30 min) centrifugal ion, while Fig. 613 shows the 
proteins in the pellet of a low-speed (76 : 0O0 X gt JO min) 
centrifngalion. Many proteins are tremendously enriched in 
one h act ion or the othei, while others are present in both. 



Most glycolytic enzymes (e.g., Tdh2, Tdh3/Eno2, Pdcl, Adhl, 
and Fbal) are enriched in the supernatant fraction. The only 
exception is Pfkl (not indicated), which is found in both pellet 
and supernatant fractions. Many proteins involved in protein 
synthesis (Efll. Yei3, Prtl, Till, and RpaO) are in the pellet, 
possibly because of the association of ribosomes with the en- 
doplasmic reticulum. However, Efb] is in the supernatant, as is 
a substantial portion of the Eftl. Perhaps surprisingly, several 
mitochondrial proteins (Atp2 (not shown] and Jlv5) are largely 
in the supernatant. Perhaps glass bead breakage of cells re- 
leases mitochondrial proteins. The nuclear protein GspJ is in 
the pellet fraction. The enrichment produced by centrifugal ion 
makes it possible to see minor spots which are otherwise poorly 
resolved from surrounding proteins. Figure 6B shows that the 
previously identified Tif] spot is surrounded by as many as six 
other spots that cofractionate. We observed six identical or 
very similar additional spots when we overexpressed Tif] from 
a bigh-copy-number pJasmid (not shown). Signal overlaps only 
one or two of these spots in 32 P-Iabeling experiments (Fig. 5), 
and so the different forms are not mainly due to different 
phosphorylation states. 

DISCUSSION 

Our experience with developing a 2D gel protein database 
for 5. cerevisiae is summarized here. With current technology, 
we can see the most abundant J ,200 proteins, which is about 
one-third to one-quarter of the proteins expressed. The re- 
maining proteins will be difficult to see and study with the 
methods that we have used/not because of a lack of sensitivity 
but because weak spots are covered by nearby strong spots. 

Of the 1,200 proteins seen, we have identified 148. with a 
bias toward the most abundant proteins. Steady application of 
(he methods already used would allow identification of most of 
the remaining proteins. Gene overevpression will be particu- 
larly useful, since it is not affected by the lower abundance ol 
the remaining visible proteins. 
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ZD gels of the kind lhat we have used are not suitable for 
visualization of rare proteins. However it wij) be possible to 
study on a global basis metabolic processes involving relatively 
abundant proteins, such as protein synthesis, glycolysis, glu- 
coneogenesis, amino acid synthesis, cell wall synthesis, nucle- 
otide synthesis, lipid metabolism, and the heat shock response. 

Gygi et al. (10) have recently completed a study similar- to 
ours. Despite generating broadly similar data, Gygi et al. 
reached markedly different conclusions. We believe thai both 
mRNA abundance and codon bias are useful predictors of 
protein abundance. However, Gygi et al. feel that mRNA 
abundance is a poor predictor of protein abundance and that 
"codon bias is not a predictor of either protein or mRNA 
levels" (10). These different conclusions are partly a matter of 
viewpoint. Gygi et al. focus on the fact that the correlations of 
mRNA and codon bias with protein abundance are far from 
perfect, while we focus on the fact that, considering the wide 
range of mRNA and protein abundance and the undoubted 
presence of other mechanisms affecting protein abundance, 
the correlations are quite good. 

However, the different conclusions are also partly due to 
different methods of statistical analysis and to real differences 
' in data. With respect to statistics, Gygi et al. used the Pearson 
product-moment correlation coefficient (r p ) to measure the 
covariance of mRNA 3nd protein abundance. Depending on 
the subset of data included, their r p values ranged from O.J to 
0.94. Because of the low r values with some subsets of the 
data, Gygi et al. concluded lhat the correlation of mRNA to 
protein was poor. However, the r p correlation is a parametric 
statistic and so requires variates following a bivariate normal 
distribution; that is, it would be valid only if both mRNA and 
protein abundances were normally distributed. In fact, both 
distribuiions are very far from normal (data not shown), and so 
a calculation of r p is inappropriate. There was no statistical 
backing for the assertion thai codon bias fails to predict pro- 
tein abundance. 

We have taken two statistical approaches. First, we have 
used the Spearman rank correlation coefficient (r,). Since this 
statistic is nonparametric. there is no requirement for the data 
to be normally distributed. Using the r Jt we find thai mRNA 
abundance is well, correlated with protein abundance (r s ~ 
0-74), and the CA1 is also well correlated with protein abun- 
dance (r s = 0.80) (and also with mRNA abundance [data not 
shown]). For the data of Gygi et al. (10), we obtained similar 
results, though with their data the correlation is not as good; r, 
= .0.59 for the mRNA-to-protein correlation, and r s = 0.59 for 
the codon bias- to- protein correlation. 

Jn a second approach, we transformed the mRNA and pro- 
tein data to forms where they were normally distributed, to 
allow calculation of an r p (Materials and Methods). Two trans- 
formations, Box- Cox and logarithmic, were used; both gave 
good correlations with our data [e.g., r p = 0.76 for Jbg( adjusted 
RNA) to log(protein)]. Wc were not able to transform the data 
of Gygi el al. to a normal distribution. 

Finally, there are also some differences in data between the 
two studies. These may be partly due to the different measure- 
ment techniques used: Gygi et al. measured protein abundance 
by cutting spots out of gels and measuring the radioactivity in 
each spot by scintillation counting, whereas we used phospho- 
r imaging of intact gels coupled lo image analysis. We com- 
paicd our data to theirs lor the proteins common between the 
studies (but excluding piptcins whose rnKNAs ait- known to 
differ between rich and minimal media, iind excluding Tif'l, 
w hie It was anomalous in differing by 100- fold between the two 
data sets). The between the two protein data sets was 0.S8 
(P < 0.0001). Although this is a strong correlation, the fact that 



it is less than 1.0 suggests that there may have been errors in 
measuring protein abundance in one or both studies. After 
normalizing the two data sets to assume the same amount of 
protein per cell, we found a systematic tendency for the protein 
abundance data.of Gygi et a!, to be slightly higher than ours for 
the highest-abundance, proteins and also for the lowest-abun- 
dance proteins but slightly lower than ours for the middle- 
abundance proteins. These systematic differences suggest some 
systematic errors in protein measurement. Although we do. not 
know what the errors are, we suggest the following as a rea^. 
sonable speculation. For the highest-abundance proteins, we 
may have underestimated the amount of protein because of a 
slightly nonlinear response of the phosphorimager screens. For 
the lowest-abundance proteins, Gygi et al. may have overesti- 
mated the amount of protein because of difficulties in accu- 
rately cutting very small spots out of the gel and because of 
difficulties in background subtraction for these, small, weak 
spots. The difference in the middle abundance proteins may be 
a consequence of normalization, given the two errors above. 

The low-abundance proteins in the data set of Gygi et al. 
have a poor correlation with mRNA abundance. We calculate 
that the r s is 0.74 for the lop 54 proteins of Gygi et al. but only 
0.22 for the bottom 53 proteins, a statistically significant dif- 
ference. However, with our data set, the r s is 0.62 for the top 33 
proteins and 0„56 (not significantly different) for the bottom 33 
proteins (which are comparable in abundance to the bottom 
53 proteins of Gygi et al.). Thus, our data set maintains a good 
correlation between mRNA and protein abundance even at 
low protein abundance. This is consistent with our speculation 
that protein quantification by pbosphorimaging and image 
analysis may be more accurate for small, weak spots than is 
cutting out spots followed by scintillation counting. Our rela- 
tively good correlations even for nonabundant proteins may 
also reflect the fact lhat we used both SAGE data and RNA 
hybridization data, which is most helpful for Ihe least abundant 
mRNAs. Jn summary, we feel that the poor correlation of 
protein to mRNA for the nonabundant proteins of Gygi et al. 
may reflect difficulty in accurately measuring these nonabun- 
dant proteins and mRNAs. rather than indicating a truly poor 
correlation in vivo. Jt is not surprising that observed correla- 
tions would be poorer with less- abundant proteins and 
mRNAs, simply because ihe accuracy of measurement would 
be worse. 

How well can mRNA abundance predict protein abun- 
dance? With r p = 0.76 for logarithmically transformed mRNA 
and protein data, the coefficient of determination, {r p ) 2 , is 0.58. 
This means that more than half (in log space) of the variation 
in protein abundance is explained by variation in mRNA abun- 
dance. When converted back to arithmetic values, protein 
abundances vary over about 200-fold (Table 1), and (r p ) 7 = 
0.58 for the Jog data means that of Ihis 200- fold variation, 
about 20- fold is explained by variation in the abundance of 
mRNA and about 10- fold is unexplained (but could be due 
partly lo measurement errors). For proteins much less abun- 
dant than those considered here, we imagine the in vivo cor- 
relation between mRNA and protein abundance will be worse, 
and other regulatory mechanisms such as protein turnover will 
be more important. 

Some important conclusions can be drawn from this sam- 
pling of the proteome. First, there is an enormous range of 
protein abundance, from nearly 2,000 ; 000 molecules per cell 
for some glycolytic enzymes to about 100 per cell for some cell 
cycle proteins (26a). Second, about half of all cellular protein 
is found in fewer than 100 differ enl gene products, which are 
mostly involved in caibohvdraie mc label ism oi protein synihe- 
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sis. Third, the.correlation between protein abundance and CAI 
is Jog linear as far as we can see, which is from about 10,000 
protein molecules per cell to about 1,000,000. This is somewhat 
surprising, because it implies that selective forces for codon 
bias are significant even at moderate expression levels. It also 
means that codon bias is a useful predictor of protein abun- 
dance even for moderately low bias proteins. Fourth, there is a 
good correlation between pTOtein abundance and mRNA 
abundance for the proteins that we have studied. This validates 
the use of mRNA abundance as a rough predictor of protein 
abundance, at least for relatively abundant proteins. Fifth, for 
these abundant proteins, there are about 4,000 molecules of 
protein for each molecule of mRNA. This last conclusion 
raises questions as to how the levels of nonabundant proteins 
are regulated and suggests that protein instability, regulated 
translation, suboptimal rates of translation, and other mecha- 
nisms in addition to transcriptional control may be very impor- 
tant for these proteins. 
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We have recently reported that disease-specific differential alterations in the hepatic 
express^ of xenob.otic-metabolizing cytochrome P450 (CYP P45o7e™ occur in 
patients wtth advanced liver disease. In order to determine whether ^^ ^1 
m CYP pro eins are modulated at pre- or pbst-translational levels, wSnoweS, 
Z*T C, ^ e,Sof ™ RN Af 0 rCYP S 1A2.2C9.2E1 and 3 A4 by solution hZSon 
in the same livers of 20 controls (surgical waste from histological^ normal hCfS 
c^esofhepatocelularand 18 of cholestatic severe chronic iLdfsea^CYptAi 
mRNA and CYP 1 A .mmunoreactive protein were both reduced in livers wim 
hepatocellular and cholestatic types of cirrhosis. In contrast, CYP3A4 mRNA and nrotein 
we^ reduced only in livers from patients wim hepato^ 

patients with both cholestatic^^ 

wZ^A^T With I 0 '- 31 " dySfonCti ° n - ™ e --'alion be JeT 

S^^W3^^T• a S•?^ lifiC,,,,t . ^,1, = °- 36 ' P < °- 005 > but "^A levels 
accounted lor only 1 3 /» of the variability m protein ranlcirigs. This is probablv a 

antibody. CYP2E1 mRNA and protein were reduced in patients with cholestatic liver 

dtri^ mR?Awj ,Ver 
decreased CYP2E1 mRNA was significantly correlated with CYP2E1 orotein hnt 

It^T^? 1 ^ *' ndiCate that diSeaSe " S ^ alteratio " s ofSotic 
metabo hzmg CYP enzymes among patients with cirrhosis is due, at least in part to ore- 

translational mechamsms. The lack of. strong correlation between CYP2E1 rtiRNA and 
protein suggests that this gene, like its rat orthologue, may be subje^ to pre'tr^slainal 
as well as translational and/or post-translational regulation, ^ pre translational 
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Wnase°C^aIpLr 2 CXprCSSi ° n ''" ™ c ™P h *%™- modulation by protein 

Giroux IVT Descotcaux A 

Cyclooxygenase-2 (COX-2) is an inducible enzyme responsible for high levels of PC 
product^ dunng inflammation and immune responses Previous studies with 
pharmacobg.cal mhibitors suggested a role for protein kinase C (PKC) in PG production 
poss.bly by regulating COX-2 expression. In this study, we addressed he role of PKC 
alpha m the modulation of COX-2 expression and PGE2 synthesis b >Z ov rexpr^ing 

m — T^f I ?* 1 ° f Vari ° US StimuH ° n CGX - 2 ex P ressi °«. "-nely, 
mducedCOxT 3 ' ^ f racdlu,ar Paxasite Leishmania donovani. Whereas h>S- 
lnduced COX-2 raRNA and protein expression were down-regulated in DN PKC-aloha- 

IZIZZ 0 ™' l™-f Mn *^ ,UCed C0X ' 2 -P--" was u P -reguS Sn 
1 KC-alpha-overexpressing clones With respect to normal RAW 264 7 cells 

Measurements of PGE2 levels revealed a strong correlation between PGE2 secretion and 
IFN-gamma-mduced COX-2 mRNA and protein levels in DN PKC-alplm-overex^sina 
LpTand a ,r e M '° gether ' "T reSU,tS SU8geSt 3 r ° ,e f ° r in the -SSn o 

PG^ecSf""- C ° X " 2 eXPreSSi ° n ' 33 We " 38 in ^-g^a-induced . 
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Transcript profiling of human platelets usiug microarray and serial 
analysis of gene expression. 

Gnatcnko DV , Dunn JJ, McCorkle SR . Weissmann P . Perrotta PL . Bahou WF , 

Department of Medicine, Program in Genetics, State University of New York Stonv 
Brook 1 1 794-8 151, USA. . ' 

- Human platelets are anucleate blood cells that retain cytoplasmic mRNA and maintain 
functionally intact protein translation^ capabilities. We have adapted complementary 
lecliniques of microarray and serial analysis of gene expression (SAGE) for genetic 
profiling of highly purified human blood platelets. Microarray analysis using the 
Affymetrix HG-U95Av2 approximately 12 600-probe set maximally identified the 
expression of 2147 (range, 13%- 17%) platelet-expressed transcripts, with approximately 
22% collectively involved in metabolism and receptor/signaling, and an 
overrepresentation of genes with unassigned function (32%). [n contrast, a modified 
SAGE protocol using the Type IIS restriction enzyme Mmel (generating 2 1 -base pair 
[bp] or 22-bp tags) demonstrated that 89% of tags represented mitochondrial (mt) 
transcripts (enriched in 16S and 12S ribosomal RNAs), presumably related to persistent 
mt-transcription in the absence of nuclear-derived transcripts. The frequency of non-mt 
SAGE tags paralleled average difference values (relative expression) for the most 
"abundant" transcripts as determined by microarray analysis, establishing the 
concordance of both techniques for platelet profiling. Quantitative reverse transcription- 
polymerase chain reaction (PCR) confirmed the highest frequency of mt-derived 
transcripts, along with the rnRNAs for neurogranin (NGN, a protein kinase C substrate) 
and the complement lysis inhibitor clusterin among the top 5 most abundant transcripts. 
For confirmatory characterization, immunoblots and flow cytometric analyses were 
performed, establishing abundant cell-surface expression of clusterin and intracellular 
expression of NGN. These observations demonstrate a strong correlation between high 
transcript abundance and protein expression, and they establish the validity of transcript 
analysis as a tool for identifying novel platelet proteins that may regulate normal and 
pathologic platelet (and/or megakaryocyte) functions. 
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Transcript profiling of human platelets using microarray and serial analysis 
of gene expression 
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Human platelets are anucleate blood celts ' 
that retain cytoplasmic mRNA and main- 
tain functionally intact protein transla- 
tionat capabilities. We have adapted 
complementary techniques of microarray 
and serial analysis of gene expression 
(SAGE) for genetic profiling of highly 
purified human blood platelets. Microar- 
ray analysis using the Atfymetrix HG- 
U95Av2 approximately 12 600-probe set 
maximally identified the expression, of 
2147 {range, 13%-17%) platelet-expressed 
transcripts, with approximately 22% col- 
lectively involved in metabolism and re- 
ceptor/signaling, and an overrepresenta- 
lion of genes with unassigned function 
(32%). In contrast, a modified SAGE proto- 
col using the Type IIS restriction enzyme 
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Mmel (generating 21-base pair (bp J or 
22-bp tags) demonstrated that 89% of 
tags represented mitochondrial (ml) tran- 
scripts (enriched in 16S and 12S ribo- 
somal RNAs), presumably related to per- 
sistent mt-transcription in the absence of 
nuclear-derived transcripts. The fre- 
quency of non-mt SAGE tags paralleled 
average difference values (relative expres- 
sion) for the most "abundant" transcripts 
as determined by microarray analysis, 
establishing the concordance of both 
techniques for platelet profiling. Quantita- 
tive reverse transcription-polymerase 
chain reaction (PCR) confirmed the high- 
est frequency of mt-derived transcripts, 
along with the mRNAs for neurogranin 
(NGN, a protein kinase C substrate) and 



the complement lysis inhibitor ctustenn 
among the top 5 most abundant tran- 
scripts. For confirmatory characterize- . 
tion, tmmunobtots and flow cytometric 
analyses were performed, establishing 
abundant cell-surface expression of clus- 
terin and intracellular expression of NGN. 
These observations demonstrate a strong 
correlation between high transcript abun- 
dance and protein expression, and they 
establish the validity of transcript analy- 
sis as a tool for identifying novel platelet 
proteins that may regulate normal and 
pathologic platelet (and/or megakaryo- 
cyte) functions. (Blood. 2003;101:2285-2293) 
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>h>mnn blood platelets play critical roles in normal hemostatic 
processes and pathologic conditions such as thrombosis, vascular 
remodeling, inflammation, and wound repair. Generated as cytoplas- 
mic buds from precursor bone marrow megakaryocytes, platelets 
are anucleate and lack nuclear DNA. although they retain 
megaknryocyle-derived mRNAs. 1 - 2 Platelets contain rough endo- 
plasmic reticulum and polyribosomes, and they retain the ability 
for protein biosynthesis from cytoplasmic mRNA. 3 Quiescent 
platelets generally display minimal translalional activity, although 
newly fonned platelets such as those found in patients with 
immune thrombocytopenic purpura (ITP) synthesize various a-gran- 
ule and membrane glycoproteins (CPs), including GPlb and 
GPlIb/llla (a )Ib p 3 ). Furthermore, stimulation of quiescent platelets 
by agonists such as ©.-thrombin increases protein synthesis of 
various platelet proteins, including Bcl-3/ 1 Like nucleated cells, the 
rapid translation of preexisting mRNAs may be jegulated by 
integrin ligation to extracellular matrices.- Jn the case of platelets, 
the primary integrin involved in this piocess appears to be a„ b j3j 
with cooperative signals mediated by the collagen receptor o : p, > 7 



Integrin- mediated platelet protein synthesis appears to be regulated 
al the level of translation initiation involving the eukaryotic 
initiation factor 4E (eIHE). instead of directly influencing eJF4E 
activity via postradiational modifications (ie, phosphorylation), 
platelet eJF4E activity best correlates with its spatial redistribution 
to the mRNA-cnriched cyloskelelon. 3 Furthermore, because pro- 
tein translation is partially inhibited by the immunosuppressant 
rapamycin, it suggests that adhesion- and/or aggregation- induced 
outside- in-signaling function to regulate protein synthesis through 
the mTOR (mammalian target of rapamycin) pat hway>- 8 - 9 

Despite the biologic' importance of platelets and their intact 
protein synthetic capabilities, remarkably little is knoivn about 
platelet mRNAs. Younger platelets, contain larger amounts of 
mRNA with a greater capacity for protein synthesis, as determined 
by using fluorescent nucleic acid dyes such as thiazole orange. 10 
This assay has been used as a quantitative determinant of younger 
or "reticulated" platelets (RPs). Indeed increased reticulated plate- 
lets arc typically found in patients with conditions associated with 
rapid platelet turnover such as ITP; typically RP percentages in 
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such pniienls approach 10% to 20% of all platelets, considerably 
higher than in healthy control subjects." Interestingly, high RPs 
have, been associated with enhanced thrombotic risk when identi- 
fied in patients with thrombocytosis, 10 suggesting that quantita- 
tively increased mRNA levels may be associated with the prolhrom- 
botic phenorype. Whether this is related to globally altered gene 
expression profiles or to select changes more evident during 
situations of rapid platelet turnover remains unknown. Certainly, 
technical limitations of this assay limit its utility in defining 
prothrombotic genotypes, 10 *' 2 and it cannot identify differentially 
expressed genes that may be causally implicated in disordered 
platelet phenotypes. 

Toward the goal of defining the molecular anatomy of the 
platelet genome, we have adapted complementary techniques of 
microarray and serial analysis of gene expression (SAGE) for 
genetic profiling of highly purified human blood platelets. Microar- 
ray technology represents a "closed" profiling strategy limited by 
the target genes imprinted onto gene chips. In contrast, SAGE is an 
"open" architectural system that can be used to identify novel genes 
and to quantify differentially expressed mRNAs. 13 " 15 The sequence 
of each tag along with its positional location uniquely identifies the 
gene from which it is derived, and differentially expressed genes 
can be identified in a quantitative manner because the tag frequency 
reflects the mRNA level at the time of cellular harvest and analysis. 
By using both technologies, we have identified a number of 
previously uncharaclerized genes that appear to be expressed in 
human platelets, while simultaneously establishing the dominant 
frequency of miiochonrtrial-expressed genomes comprising the 
platelet mRNA pool. These observations provide a panoramic 
overview of the plnielel transcrjptome, while additionally provid- 
ing insights into the molecular pathways regulating platelet (and/or 
megakaryocyte) function in normal and pathologic conditions. 



Materials and methods 

Reagents and supplies 

Thermus ayuuiints (To>]) polymerase was purchased from (Roche, Indianap- 
olis. IN). T-t DNA lipase was purchased fromlnvjtrogen (Carlsbad, CA), 
and restriction enzymes were horn New England Btolabs (Beverly. MA), 
except. fot Mmel. which was obtained from the Center for Technology 
Transfer (Gdansk, Poland). All oligonucleotides were synthesized on an 
Applied DiosvMems (Foster City, CA) 3-channel synthesizer and are listed 
in Table I. Monoclonal antibodies used for flow cytometric analysis 
included the F1TC (fluorescein isotbiocyanate)-conjugared anti-CD'll 
(^rtoP)) immunoglobulin 01 (IgGl; Immunoiech, Miami. FL); phyco- 
crythrin (PI:)-v'onjiiL'3U'd antiglycopborin (!gG2; Bee ton Dickinson Pharm- 
ingen. San Diego. CA); and pcridinin chlorophyll protein (PERCP)- 
conjugatcd arni-CDJ> (IgOT: Bccton Dickinson Pharmingcn). 

Platelet isolation, purification, and immunodetection 

All human subjects provided in Conned consent for an IRB (Instirui tonal 
Review Bn;tiJ>-:ippiovcd protocol completed in conjunction with the 
General Clinical Research Center at Stony Brook University Hospital. 
Peripheral Moo J (?f> inL) Cirun healthy volunteers drawn into 2 mL of -1% 
sodium filiate, lO. I'.'e vol\ol final concentration) was used to isolate 
crythrocyit's by diOni'mbl cent rihrgai tort (I500g) or to isolate pine 
leukocyte*, by densm -fiadicnl Ccnlrifugalion as pievjously described. "* 
Plairleis colhvu'd h.'.in l.ealihy \olunlecis by aphcresis were used wiihrn 
2-1 hour* ot roller lion Ajici addition of 2 mM £1)7 A (ethylencdiamimtci- 
raacetic at* id), npheiCMvdt ii\al platelets from a sinnle donor \>.eie 
ce nth hired at lot lf> minuies at 75°C. To minimize leukocyte 

contamination, only ihe upper *);'!(> of the platelet-rich pla.Mnn |PRP) was 



used for gel filtration over a BioGeJ A50M column (1000 mL total volume) 
equilibrated with HBMT (HEPES-bufiered modified Tyrodes buffer. 10 
mM HEPES (yV^-hydroxyethylpiperazine-A^^-elhanesojlfonic acid) pH 
7.4/150 mM NaCI, 2.5 mM KCK 0.3 mM NaH 2 P0 4 , 12 mM NaHCQ,, 
0.2% bovine serum albumen [BSA], 0.1% glucose, 2 mM EDTA). 
Gel- filtered platelets (GFPs) were subsequently filtered through a 5-p.m 
nonwetting nylon filament filler (BioDesign, Carmel, NY) at 25°C and 
harvested by cenlrifugation al I500g for 10 minutes at 25°C Platelets were 
gently and thoroughly resuspended in 10 mL HBMT buffer and incubated 
with 120 >L murine monoclonal anti-CD45 anlibody conjugated to 
magnetic microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) on a 
rotating platform, for 45 minutes al 25°C. Magnetic separation columns 
were used to capture CD45* cells (leukocyte fraction) by positive selection 
. (MACS II; Miltenyi Biotec). Purified platelets were concentrated by 
cenlrifugation at 150% and immediately used for total RNA isolation. 

The efficiency of platelet purification was documented at each step by 
(low cytometry." Briefly, aliquots containing 2 X I0 6 platelets were 
incubated with saturating concentrations of FITC-conjugated anri-CD4I > 
PE-conjugated antiglycophorin, and PERCP-conjugatcd anti-CD45 for 15 
minuies in the dark al 25°C, washed with phosphate-buffered saline (PBS), 
and fixed in PBS/1% formalin. Samples were analyzed using a FACScan 
(fluorescence-activated cell sorter scan) flow cytometer (Becton Dickinson) 
using CELLQuest software designed to quantify the number of CD45* and 
glycophorin- positive events in the sample (expressed as the number of 
events per 100 000 CD41* events). For some experiments, fixed platelets 
were permeabilized with 0. 1% Triion-X/PBS for 30 minutes at 25°C prior 
to the addition of primary antibodies, all as previously described. 17 

Platelet protein detection was completed by sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis (PAGE) and immunoblot analy- 
sis as previously described, using the species- specific horseradish pcroxidase- 
conjugaied secondary antibody and enhanced che mi luminesce nee.'* Anti- 
bodies included the anticJusterin monoclonal antibody (Qui del, Santa Clara, 
CA; 1:1000 primary and 1:10 000 secondary) and the aniincurogranin 
rabbit polyclonal antibody (Chcrnicon International, Temecula, CA; 1: 1000 
primary and 1:10 000 secondary). 

Molecular analyses and microarray profiling 

Purified, individual cell fractions were resuspended in 1 0 mL Trizol reagent 
(Invitrogcn), transfencd into diethylpyrocarbonote (DEPC)-treated Corex 
(Springfield, MA) tubes, and serially purified and precipitated by using 
isoptopanol essentially- as previously described. 16 . Total cellular RNA was 
harvested by centrifugation at 12 500g for 20 minutes at 4°C, washed 2 
limes with 75% cthano) (10 mL/tube), and resuspended in 100 ^.L 
DEPC-treated water. Plalelel mRNA quantitation was performed by using 
fluorescence- based real- lime PCR (polymerase chain reaction) technology 
(TanMan Real-Tune PCR; Applied Biosy stems. Foster City, CA). Oligonu- 
cleotide primer pairs were generated by using Primer 3 software (www- 
genome .wi.mil.edu), designed to generate approximately 200- base pair 
(bp) PCR products al the same annealing temperature, and are outlined in 
Table I. Purified plaielct mRNA (4 u.g) was used for first-strand cDNA 
synthesis using oligo(dT) and Superscript H icveise transcriptase (Invino- 
gen). for real-time reverse transcription )R.T)-PCR analysis, the RT 
reaction was equally divided among primer pairs and used in a -10-cycle 
PCR reaction for each laigci ^enc by using the following cycle: 94 °C for 30 
seconds, 55°C for 30 seconds, 72°C for 1 minute, and 7I°C for 10 seconds 
(40 cycles total). mRNA levels were quantified by monitor im; real-time 
fluoiomtiric intensity of SYBR green 1. Relative -mRNA abundance was 
determined from triplicate assays per formed in parallel for each primer pair 
and was calculated by using the comparative threshold cycle number (A-Cl 
method) as previously described.' 11 

Gent- expression profiles were completed by using the approximately 
I? fiOO-pinbc .set HG-U95Av2 gene chip lAffymehi.x. Sanrj Clara.. CA). 
Total cellular RNA (5 ^g) was used foj cDNA synthesis by using 
Superscript Choice system (Life Technologies. Rockvitle. MD) and an 
oligotdT) primer containing the "17 polymerase irrofmifion sequence 
t Primer S); Table I), followed by cDNA purification using CIX spin 
columns. In vitio transcription was completed in ihe presence of biotinyl- 
aied ribonucleotides by using a BioAnay I Ji;;h Yield RNA 'hnnsrripi 
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Table 1. Oligonucleotide primers 




Gene and primer 




Nucleotide 


Primer 


direction 


Sequence (5' - 3') 


Position 




Qfioo (dT) 


5'- Bn- GGCCAGTGAATT6TAATACGACTCACTATAGGGAGGCGG- (dT) 2 « -3' 
y 




Cassette A ' 


SAGE 


5 TTTGGATTTGCTGtrrCGAGTACAACTAGGCTTAATCCGACATG- 3 ' 








3 ' - * CCTAAACGACCAGCTCATGTTGATCCGAATAAGGCTp- 5 ' 




Cassette B 


, SAGE 


5 * - pTTCATGGCGGAGACCTCGKTCACTAGTGTCGCAACTGACTA • - 3 ' 








3 * - tOTAAGTACCGCCTCTGCAGGCGGTGATCACAGCGTTGACTGAT - 5 ' 




S2 


SAGE • 


5 ' - Bn - CGATTTGCTGGTCGAGTACA - 3 * 




S3. 


SAGE 


5'- Dn-TAGTCAGGTGCGACACTAGTGGC- 3' ■ 




GP4 


Glycoprotein JIB |F) 




iKyjQ-d. \\{ 


GP5 


Gtycoprotoin KB |R| 


5 - ACAATCTTGCTGTTTGGATTCTG- 3 




GP6' 


Glycoprotein MA |FJ 


S ' - TATAAAGAGGCCACGTCTACCTTC- 3 ' 


2335-2358 


GP7 


oiyirUp*uit?in iipm | J 


5 ' - CACJ i CCACATACTGACATTCTCC- 3 ' 


2532-2509 


PARIS 


PARI (FT, 


S'-AATGTCAGTTCTGATATGGAAGCA- 3' 


2585-2608 


PAR 19 


■ pari iri 


5 ' - CCCAAATGTTCAAACTTCTTTAGC- 3 ' 


2776-2753 


SR8 


16S rRNA |F] 


5'-TGCAAAGGTAGCATAATCACTTGT- 3* 


2586-2609 


SR9 


16S rRNA fRJ 


5 ' - GTTTAGGACCTGTGGU 1 1 lOJ'i AG- 3 ' 


2785-2762 


NADH10 


NADH2 |F1 


5* - CTAGCCCCCATCTCAAATCATATAC-3* 


48754898 


NADH11 


NADH2 |R) 


5 ' - AATGGTTATGTrAGGGTTGTACGG- 3 ' 


5075-5052 


THYM12 


Thymosin p4 |F) 


5 - AAGACAGAGACGCAAGAGAAAAAT- 3 ' 


135-158 


THYM13 


Thymosin p4 |R] 


5 ' - GCAGCACAGTCATTTAAACTTG AT - 3 ' 


336-313 


CLUS14 


ClusterrnjFJ 


5 ' - CCAACAGAATTCATACGAGAAGG- 3 ' 


• 1006-1028 


CLUS15 


Crusterin |R| ■ 


5 * - CGTTATATTTCCTGGTCAACCTCT- 3 ' 


1222-1199 


NRG 16 


Neurogranin [F) 


5 ' - GCCCTTTTAGTTAGTTCTGCAGTC- 3 ' 


1351-1374 


NRG 17 


Newogranfn fRJ 


5 ' - TTTTCTTT AAGTGAGTGTGCTTGG - 3 ' 


1567-1544 




T-cell receptor 






TCR1B 


p -chain |F) 


5 ' - CCACAA CTATGTTTTGGTATCGT - 3 ' 


131-153 




T-cell receplor 






1CRJ9 


p -chain [RJ 


S ' - CTAGCA CTGCAGATGTAG AAGCT - 3 ' 


332-310 


CD45?0 


CD45 |F) 


S ' - GCTCAG AATGGACAAGTA - 3 ' 


3771-3788 


CD-1621 


CCM5 |R| 


5 ' - CACACCCATACACACATACA - 3 ' 


4280-4261 



IF) indicates (onward (sense) strand; |RJ, tevcrse (anlisense) strand; Dn. biotin; p. a phospboryloled 5' end (cassettes A and B); underlining. /V/altl'sites in cassettes A and B; 
arrows, corresponding sequence tor S2 and S3 within cassettes A and B. respectively; bold, the Mmel site; and N, A. C, T. oi G. nucleotide position based on the following 
accession numbers: glycoprotein 110 (J02764), glycoprotein IDA (M35999), PARI (M62424), 16S rRNA and NAOH2 (NC_ 001807). thymosin p4 (M17733). crusterin (M25915), 
neurogranin 1X99076). TCR p-chain (AFCM3 182). CD45 (Y0063B). ' 

"Indicates an Dmino-modified 3' end in both cassettes: — . no) applicable. 



Labeling Kit (Enzo Diagnostics. Fnrmirigdale. NY), and. after meial- 
indutcd fragmentation, J 5 jxg biotinylated cRNA was hybridized to the 
JlG-U95Av2 oligonucleotide probe array for J 6 hours at 45°C. After 
washing, the cRjNA was delected with sireptavidin-phycoeryihrin (Molecu- 
lar Probes, Eugene, OR) and analysis was completed by using a Hewlett- 
Pack aid Gene Array Scanner (Affymcirix). The average difference value 
(AD) for each probe sel was quantified using MAS 4.01 software 
tAffymcrri^), calculated as an average of fluorescence differences for 
perfectly matched versus single-oucleotide mismatched 25-mer oligonucle- 
otides (16 to 20 oligonucleotide pairs per probe set). The software is 
designed to exclude "positive calls" in the presence of high average 
differences with associated high mismatch intensities. 

SAGE prolilcs 

Plate let SAGE libraries were generated essentially a 5 previously de- 
scribed. '"" modi lied as outlined in pigme J for the use of Mme\ as the 
lagging enzyme 1 * This ty pe US restriction enzyme cleaves ?0 of 18 bp past 
its nonpalindronric (TCCRAC) recognition sequence, i hereby generating 
longer tags CI - or 22-mcr) than those obtained using &rmF) as d>c standard 
tagging erwymc (13-14 bp tags). These longer ,1/mel gene rated tags 
potent rally pi o vide for mote definitive "lag- to- gene" identifir at ion and are 
particularly useful in characterizing r^piessitm patterns in the absence of 
complete genomic sequence data (comprehensive mi* t hods detailed in Dunn ' 
cl Uric fly. polv(A) mRNA was isolaied from tb »g roral platelet R NA 
using the obgo-tdT) Si primer conjugated to magnetic beads (Dynal 
Itioterh. Lake Success, NY), followed by cDNA synthesis using Super- 
Snipl II tcvcise transcriptase llnvjtiopen). 'I lie -. ON A was then digested 



with the restriction enzyme Nlo I II (anchoring enzyme), ligatedlo cassette A 
using T4 DNA ligase, and, aflcr lire beads were extensively washed, the 
cDNA was digested with Mmel to release the tags from the beads. After 
purification, tags were ligated to degenerate C3ssclte B linkers (specifically 




Figure I. Schema outlining the modified SAGE protocol used in platelet 
analyses. The final tags ate flanked hy the W/atll (;»nchor«»g enzyme) CA1G 
sequence, thereby ptoviding lag- to- gene identification when exported to a relational 
database (refer to 'Biointonnatic analyses' and Iat>Ie 1 toi derails) 
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designed to anneal to ihe nonuniform Mme\ overhangs), and PCR-ampIified 
using bioiinylaled primers S2 and S3 for 30 cycles (95*C for 30 seconds; 
58°C for 30 seconds; 72 tt C for 30 seconds) using Platinum Taq DNA 
polymerase (Gibco BRJL). A fraction (20%) of the pooled PCR products 
were then subjected to one round of linear amplification using primer pair 
S2/S3, followed by a second round of 25 amplifications using primer S2 
alone (9S°C for 30 seconds, 58°C for 30 seconds, 72°C for 30 seconds); 
Primer S3 was subsequently added for one cycle (95°C for 2.5 minutes, 
58°C for 30 seconds, 72°C for 5 minutes); the latter steps were collectively 
adapted to exclude hctcroduplcx forniation.' 8 Unincorporated primers were 
removed by incubation with 200 U Escherichia co/i ex onuc lease I for 60 
minutes at 5T>C. PCR products were then pooled and digested with Moll! 
to release tags, and biotinylatcd linker arms were cleared using streptavidin- 
coated immunoaffinity magnetic beads (Dynal Biotech). Tags were con- 
. catamerized using 5 U/pL JA DNA ligase, and products more than 100 bp 
were isolated by size- fractionation in low- melting agarose gels. The DNA 
was purified by GFX spin columns, and the concatamers were cloned into 
the Sph\ site of pZero (Invitrogen). After transformation into £co/7TOPJ0 
cells, recombinant clones were isolated and sequenced in 96-welI microliter 
plates using, an ABI 377 sequencer and AB1 Prism BigDye terminator 
chemistry (Perkin-EImer Applied Biosyslems, Branchburg, NJ). 

Bioinformatic analyses 

Functional grouping of genes determined to be present by Affymetrix MAS 
4.01 software was performed using a dChip program linked to the National 
Center for Biotechnology LocusLink, which is an annotated reference 
database for genes and their postulated fimctions. 70 Of the approximately 
12 600-probe sets represented on the Affymetrix HC-U95Av2 Gene chip, 
functional annotations exist for approximately 8)00 with the remainder 
categorized as unknown. Microarray data were visualized and analyzed 
using ORB- Array Tools software (Version 2.1), kindly developed and 
provided by Dr Richard Simon and Amy Peng (Jinus.nci.nih.gov/BRB- 
ArTayTools.html). A logarithmic (base 2) transformation was applied to the 
. average difference values for individual data sets for determination of 
microarray concordances. Discordancy was defined as a 2-log difference in 
the maximum log intensities between individual experiments. ' 

SAGE tags were extracted by using in-house SAGE software uniquely 
modified to identify ,1/mt-l taps. The software ensures that only unambigu- 
ous 21- to 22-bp tag sequences are extracted for transcript profiling. Tags 
with ambiguities (Ns), lengths other than 21 or 22 bp, or with ambiguous 
orientations were ex n acted to separate files for manual editing or further 
examination. Finalized data were exported io a relational database for tag 
quantification and genetic identification. :u 




Figure 2. Determination of platelet purity. (A) Total cettubr RNA <1.6 M 9) *'om . 
platelet-rich plasma (PRP) or purified pbtetets from a single apheresis donor were 
analyzed by RT-PCR (35 cycles) using oligonucreotide primers specific lor gfycopr o- 
tein lib (GPIIb). T-cell receptor p-chatn (TCRJJ). or CD45; 10 P L of the 50 |iL reactions 
were analyzed by ethidiunvstained agarose gel electrophoresis. Minimal to no TCRp 
gene product was visually evident only in PRP. Size markers conesponding to 
/feeM-iestricled $X174 DNA are shown. (B) Real-time RT-PCR was completed by 
using 1.8 iig total RNA and TCRB-specific cJkjonucteotidB primers optimized lor 
quantitative analysis by rear-time PCR." On the basis of parallel determinations 
using RNA isolated from known amounts of purified leukocyte standards, the 
leukocyte-depletion protocol represents an approximate 2.5-tog purification from the 
starling PRP. Results ate representative of one complete set of experiments repeated 
on 2 separate occasions, and data points represent the mean from triplicate wefls. 
with standard errors of the mean (SEM) less than 1% (not shown). 



2). The platelet recovery was nearly 65% of the starling material, 
yielding approximately 2.3 X 10" plalelets from an initial aphere- 
sis pack containing approximately 3.6 X 10" platelets. The bulk of 
the losses occurred during the initial centrifugal ion and filtration 
steps. The purification protocol was less effective at removing 
erythrocytes, aJlhough there were less than 50gJycophorin-positive 
cells per J X 10° platelets after the final purification step. Nonethe- 
less, these cells represent unlikely sources for contaminating 
cellular RNA (see "Cellular microarTay analysis" below). 



Results 

Platelet purification 

To ensure thai the RNA profiles accurately represented those of 
circulating blood platelets, a number of complementary methods 
were implemented to remove contaminating nucleated leukocytes. 
Purification methods incorporating gel filtration, a 5-ttm leukocyte 
reduction filter, and magnetic CD*!* immimodeplelion allowed for 
the cumulative enrichment of highly purified platelets. The efficacy 
of litis purification method way initially established by using 
peripheral blood platelet-rich plasma as the starting material. The 
final product contained m> moie than 3 to 5 leukocytes per 1 X I0 5 " 
platelets ns detctmined hy p:u:.l!cl flow cytometric analysis, 
rcp.esentine an approximate J.MMold (eduction of nucleated 
leukocytes. Ihe.se icsults conelaied well with molecular evidence 
for leukocyte depletion as. drift mined hy RT-PCR using both CD 15 
and T-cell lereptot (J- chain flCRfi) primers (see Figure 2). 
Because the total RNA yield horn peripbeial blood platelets was 
insufficient for mieroai.ay studies. w C adapted the protocol to 
platelet apbcresls doners will, neatly identical final purity' (Figure 



Cellular microarray analysis 

The purified platelet RNA was sufficient for microarray studies and 
was used for cRNA generation and hybridization to the Affymetrix 
HG-U95Ay2 GeneChip. The anatomic profile of platelet RNAs 
from 3 healthy male donors was determined by using AITymctrix 
software. Of the 1 2 599 probe sets imprinted onto the chip, a 
maximum of 2M7 (17%) transcripts were computationally identi- 
fied as "present" by. the Affymetrix software, 152 (1.2%) were 
equivocal, and nearly 82% were absent. As a fraction of the total 
genes present on the chip, the percentage of platelet-expressed 
genes (1 5%- 1 7%) was generally lower than that obtained from 
other human cell types in which 30% to 50% of genes are present as, 
determined by Affymetrix software (J. Schwedes, personal commu- 
nication, May 2002). The ."limited number" of platelet-expressed 
transcripts presumably reflects the lack of ongoing gene transcrip- 
tion in the anuclcale platelet. Because less than 1% of circulating 
red blood cells contain residual RNA, if is unlikely that any of these 
transcripts are erythrocyte derived, although this was formally 
addressed by isolating total cellular RNA from 20 mL of whole 
blood (corresponding to an -3-log fold excess of erythrocytes than 
that identified in our final sample). The total cellular yield of RNA 
from this starting material was approximately 250 ng ; suggesting 
that less than I ng eryihioc vie- derived RNA was present in the 
purified platelet ptepatalions. Despite lhis : however both o- and 
P-globin ttanscnpis— along with both the ferritin heavy and light 
chains— were identified as abundant transcripts (Table 2). Al- 
though the most jxusimonious explanation would be icsichial cont.uin- 
naimg'ieiiculocytes, this is not supported by our erythrocyte contami- 
nation estimates, and their significance remains unresolved. 

Asa means of belter dissecting the molecular anatomy of the 
platelet, expressed genes were grouped on the basis of assigned 
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Table 2. Top 50 human platelet-expressed genes 



Accession no. 


Gene symbol 


AD values, range* 


Gone transcripft 


Leukocyte expression} 


" M17733 


TMSB4X 


140142-307 852 


Thymosin (J4 mRNA. complete cds 


+ 


X99076 


NRGN 


101510-148 279 


Neurogsanin gene 




M25079 


HBB 


40 839-229 556 


B-<jtobin mRNA, complete cds 




M25915 


CLU 


84 720-140 246 


Complement cytotysis inhibitor (duster in) complete cds 




J04755 


FTHP1 


82 980-14B621 


Ferritin H processed pseudogeno complete cds 




D78361 


OAZ1 


73 098-118 140 


mRNA for ornithine decarboxylase anlizyme 




X04409 


GNAS 


77 761-94 781 


iiwwt^* »t» Mjupni iy piuitrin o\5j o-suduwi (aipna-o if 




M25697 


PF4 


62 81 1-126 908 


Rtalelet factor 4 mRNA, complete cds 




AB021288 


B2M 


■ 61689-108 921 


0 2- micr oglobu tin 


+ 


X00351 


AC70 


7*i 141*71 771 


mRNA lor p-actfn 








/b vol- 1U 1 SJ1 


mRNA for KIAA0120 gene . 


-+ 


Al OA1R7ft 


FTLL1 




Ferritin. Bgbt polypeptide 1 


+ 


U59632 


GPIIB 


41 404-110 328 


Platelet glycoprotein R$ chain mRNA 


- 


M21121 


CCL5 


47 308-106 399 


T-ceU-specific protein (RANTES) mRNA, complete cds 


' . - 


■ X13710 


GPX1 


41 3ift*yo o/B 


Unspficed mRNA lor glutathione peroxidase 


- 


J0O153 


HBA1 


21 326-144 201 


Atpha gtobtn gene duster on chromosome 1 6 


+ 


M22919 


MYL6 


46 337-106 833 


Nonmusde/srnooth muscle alkali myosin light chain gene 




L20941 


FTH1 


52 787-74 763 


Ferritin heavy chain mRNA, complete cds 


- 


J03040 


SPARC 


51 156-74 261 


SPAROosteoneclin mRNA, complete cds 


- 


X56009 


GNAS 


45 543-72 096 


GSA mRNA for o subunit of GsGTP binding protein ' 




X56536 


HLA 


31 183-82 613 


mRNA lor major HLA class 1 locus C heavy chain 


. + 


M54995 


PPBP 


46 571-67 169 • 


Connective tissue activation pe ptide II 1 mRNA 


- 


U34995 


GAPO 


35 095-70 250 


Normal kef alinocyte substraction library mRNA. done H22a 


+ 


L40399 


MLM3 


32 107-73 364 


Clone zapl 12 (mutL protein homolog 3) mRNA 


- 


X77548 


NCOA4 


31 452-61 036 


cDNA lor RFG (RETproIo-oncogene RET/PTC3) 


- 


U90551 


H2AFL 


35 086-51 892 


HistDne 2A-liKe protein (H2A7I) mRNA 


- 


M 1 1353 


H3F3A 


31 614-55 813 


H3.3 histone class C mRNA 


- 


Z 12962 


RPL4 1 


36 003-54 853 


• mRNA lor homologue to yeast ribosomal protein L4 1 




X0695G 


7UBA1 


20 988-61 798 


HALPHA 44 gene lor o-tubolin 


- 


AB028950 


TLN1 


24 571-58 611 


mRNA for KIAA 1027 protein 




Y12711 


PGRMC 1 


33 680-43 174 


mRNA for putative progesterone binding protein 




M16?79 


MIC? 


30 894-48 16G 


Integrated membrane protein (MIC2) mRNA 


- 




YWHAH 


. -24 785-50 437 


Brain 14-3-3 protein f3-chain 




. AF070585 


TOP3B 


20 027-67 945 


Clone 24675. unknown cDNA 




AA524802 


Unknown 


23 846-39 481 


CDNA. IMAGE Clone 954213 




AB009010 


UBC 


28 745-38 389 


mRNA lor polyubiquitin UbC 


+ 


X57985 


n?Aro 


2 t 678-5? 108 


Genes lor hisrones M2B. 1 and H2A 




X 54304 


MLCB 


25 733-34 109 


mRNA lor myosin regulatory light chain 




Ml 4539 


F13A1 


23 69t-48 474 


Factor XIII subunil o-polypeplide mRNA. 3* end 




AI540958 


Unknown 


24 872-41 118 


cDNA. PEC 1.?_i5_HOI.r 5' end/cbn 




AL050396 


FLNA 


13 634-55 235 


cDNADKFZp 586K1720 




X5G841 


HLA-E 


12 890-49 327 


Nonctassical MHC class I antigen gene 




M26252 


PKM? 


15 450-47 786 


TCB (cylosofic thyroid hormone binding protein) 




Ml 4630 


PIMA 


19 314^15 088' 


Prolhymosin alpha mRNA 




AF(M5??9 


RGS10 


19 156-34 243 


Regulator ot G protein signaling 10 mRNA 




AA477898 


Unhnown 


16 863-14 756 


cDNA. 2ft34l08.rl5' end 




X95404 


FL 1 


15 216-37 456 


mRNA tor nonmuscle type cofilin • 




M34480 


n GA?B 


8 627-45 495 


Platelet glycoprotein Do (GPtlb) mRNA 




283738 


H2BFE 


18001-31 306 


HH?B/e gene 




U9779 


M2AFO 


17319-38951 


Hi&tone H2A.2 mRNA. complete cds 





"Gene e>p.e.sMnn nuanhOca.ions were calculated as the average dtllerence (AD) value (matched ve-sus mismatched oligonucleotides) lor each p.obe set using Aftymeir w 
Ger*Ch.p j.oitwa.e. veisron 4.01. The range of values from 3 distinct platelet mfcroarrays i s ihown: the normalization value lor alt miaoar.ay analyses was 250 

tT.anscr.pt6 a , e reordered (highest lo lowest) using BRB-Arra/lools soltwa. e hy log- intensit.es ot AD values obtained Irom 3 different healthy donors- 33 oi the lop 40 
transcripts were itsled among the fop 50 in all 3 microauay sets. 

Ueukotyt P0 >p.ession™asde^ 

ptatDte. top ; >0 trnnscnpls.." lop leukocyte-derived transcripts identified wi.h.n the ranked lop 50 platelet transcripts are depicted by a ( ♦ ) p.esent. o. (- ) absent 
cds indicates coding sentience 



yentr annotations, rind this nnalvsis was usoij tt> provide a pnn- 
oinniic tU-lifinii>it ol the pf;:leit-l IriinsciiplonK-.-Or iht* yems th:)l 
Could be ouIolh-J within nssigned "chtMcr.s." iliose involvtd in 
iTieiaholism (11%) nrnt ipctpior/signaliny (11%) tepii'scntcd tltc 
bluest eioups. Also evident in ihese anaWses is ihe relaiivelv Intee 
pcrrcniacc ot L'enrs involved in functions umebied to these key 
groups lie, unscellaiu'otis. 2b%) 7 and the i>venepiesentai»on of 
rjenes \miIi unknown func tion 132%) as annotated bv AflVtnetiix 



and RcfSeq databases, - 1 These icsnlis identify a vasi array {neailv 
one half) of platelet genes (and gene pioducis) lhai prcstirnably 
have impoiiant, but pooily characieiized func lions, in plate lei 
and'ot me^akntyocyte biology. 

All hough micioanay analysis is noi truly qnnnlitative. tank- 
oidcring using the mean log- intensities fiom 3 independent micioat- 
»ay analyses allowed foi the categorization of the top platelet 
transcripts (Table 2). Computational analyses demonstrated thai 



2290 GNATENKO et a! 



BLOOD, 15 MARCH 2003 - VOLUM^ 101. NUMBER 6 



only JO of the top 100 genes were discordant among the 3 platelet 
microarrays, although 71 of J 00 genes were discordant between 
platelet and leukocyte arrays. An inventory of me top 50 platelet 
genes is listed in Table 2, which also deJineates those found to be 
highly expressed in peripheral blood leukocytes by parallel microar- 
ray experiments with this purified cellular fraction (data not 
shown). Further analysis of these cell subsets demonstrated that 
approximately 25% (n = 5-17) of the total platelet transcripts were 
platelet restricted. Furthermore; only 10 of the 50 most highly 
expressed genes were found to' overlap,, confirming the distinct 
cellular profiles of each transcriptome. Of the 12 overlap genes, 3 
corresponded to globin or ferritin chains (again suggesting the 
presence of contaminating reticulocytes in both purified fractions), 
and another 4 were involved in actin cytoskeletal reorganization 
and human leukocyte antigen (HLA) expression, gene products that 
regulate critical functions in both cell types. Given the importance 
of cytoskeletal reorganization in downstream platelet activation 
events, it is not unexpected that components of the actin machinery 
system would demonstrate prominent transcript expression. Previ- 
ous estimates suggest that 20% to 30% of the total platelet 
proteome is comprised of actin with other components such as 
actin- binding protein, mysosin, and talin accounting for an addi- 
tional 2% to 5% of the total protein.'-" The mRNAs encoding the 
actin-related machinery are overrepresented in . our microarray 
analysis, with 8 such transcripts found among the 50 highest 
platelet-expressed genes. Interestingly thymosin £4 demonstrated 
the highest expression pattern. In unstimulated platelets, 30% to 
40% of actin is polymerized as F-actin," whereas the balance of 
actin monomers (G- act in) are polymerization inhibited by seques- 
tering proteins such as profrlin (100 uM) and thymosin p4 (600 
ixM). 73 The high thymosin p4 transcript expression not only 
correlates with its known abundance in platelets but also supports 
the importance of aclin inhibitory proteins in maintaining the 
nonstimulated state of circulating plaielets. 



i l2 5.KHAg tfeStWA* g NADHt H* NADH 3 t%&| ' CCT STc 



AT>a*cfc NADH3 

V I I'sT ' Vf ' i FT ih rr "' 1 frfr* 

Figure 3. Schema ol the mitochondria) genome with SAGE lag distributions 
(only tags with identical matches are displayed). The abundance of the SAGE 
tags (n = 1800) at individual /Vtelll sites (arrows) within the mitochondrial heavy 
strand is shown on the bottom, whereas those tags corresponding to tho mitochon- 
drial tight strand are delineated above the arrows (the presence of an unaccompanied 
anow implies no SAGE tags at that Mali! site). The gene products of ml-DNA 
(RefSeq accession no. NC_ 001607) are delineated by the open rectangles, whereas 
stippled boxes represent tRMA genes and control regions (the single tag represented 
by the f*) refers to mitochondrial transfer RNA-serine). Mote that NADHS is encoded 
by the fight strand and that there are no Malll sites within the ATPaseO gene segment 
CO(n). cytochrome c oxidase subunit; Cyt b, cytochrome b. 



Platelet SAGE analyses 

Although these initial studies identified the distribution and relative 
expression patterns of the genes within the Affymetrix data set. 
they do not allow for analyses of genes that arc unrepresented by 
these oligonucleotide chips. Unlike closed microarray profiling 
sirategics, SAGE is an open architectural system that is ideally 
suited for novel gene and pathway identification. Accordingly, the 
platelet RNA used for microarray studies was used for platelet 
SAGE. A total of 2033 lags were iniiially cataloged, of which J 800 
(89%) corresponded to milochondrial-dcrived genes. These results 
wcie quite different from those obtained by microarray analyses, 
bul the discrepancy can be resolved by the nomcpresenlalion of the 
mitochondrial genome on the gene chip. The mitochondrial ge- 
nome is a compact approximately I6.fVkilob:isc (kb) sequence 
encoding 13 genes and 2 ribosomal subimiis.^ Primary mitochon- 
drial transcripts arc polycistronie and typically contain premature 
icrmmation or unpredictable splice sites, resulting in multiple 
polyadenylated transcripts from individual genes. ^ Indeed, the 
overall distribution of platelet- derived mitochondrial SAGE lags is 
quite similar to that found in muscle. 7 - All 13 genes containing 
A7,dil sues were delected, whereas neither of the non-NlnUh 
combining genes were identified (nicotinamide adenine dinuclco- 
Hdc INADHJ dehydrogenase subunit 41. and adenosine triphos- 
phatase (ATl'aseJ $). Most of the taps we.e from the I6S and 12$ 
ribosomal RNAs — which collectively accounted lor 68% of the 
total mitochondrial tags-with the fewest tag., represented by 
NADH dehydrogenase subnnits 3. s. and cytochrome c oxidase I 



(Figure 3). The.NADH dehydrogenase subunit 6 RNA is the only 
mRNA encoded by the light (L) strand of mitochondrial DNA and 
was the least abundantly detected transcript. 

The . unusually high preponderance of mitochondrial- derived 
genes is not inconsistent with the known enrichment of these 
genomes in human platelets,' - u and presumably reflects persistent 
transcription from the mitochondrial (mt) genome in the absence of 
nuclear-derived transcripts. This ovenepresen Union of ml DNA in 
platelets is considerably greater than that of its closest cell type 
(ske)etal muscle), in which mt genomes represent approximately 
20% to 25% of all SAGE tags. 25 Interestingly, the energy metabo- 
lism of platelets is not dissimilar from that of skeletal muscle, both 
cell types actively using glycolysis and large amounts of glycogen 
for ATP generation. 76 Like muscle, platelets are melabolically 
adapted to rapidly, expend large amounts of energy required for 
aggregation, granule release, and clot retraction. Similar lo the 
situation in all eukaryolic cells, platelet mitochondria represent the 
primary source of ATP, which is generated from oxidative phosphor- 
ylation reactions occurring within these organelles. Mitochondria 
are also responsible for most of the toxic reactive oxygen species 
generated as by-products of oxidative phosphorylation and are 
cenlral regulators of the apoplotic process in other cellular types. 
The mtONA encodes polypeptides found within 4 of the 5 
multifunctional complexes that regulate oxidative phosphorylation 
within the platelet mitochondria. 27 Whether the continued genera- 
tion of these polypeptides has a role in platelet energy metabolism 
and/or ihe apoptotic mechanisms regulating platelet survival re- 
mams speculative, although not inconsistent with our observations. 

Comparative analysis of SAGE and microarray 
transcript abundance 

Complete SAGE libraries require the sequencing of up to 30 000 
tags for an exhaustive cataloging of individual mRNAs, especially 
those with limited copy numbers. 13 - 211 Given the preponderance of 
ml- derived transcripts, comparable sampling would have required 
sequence analysis of nearly 300 000 SAGE tags, an inordinate 
number fot comprehensive analysis of the platelet transcriptome. 
For platelets, alternative methodologies incorporating subtractive 
SAGE will be required for more comprehensive transcript profil- 
ing.' u Our initial sampling of mmmiiochondrial genes remains 
informative, however and cniiiely consistent with, the results of 
platelet mictoarray studies. As shown in Table 3, SAGE tags for the 
genes encoding thymosin fM, |i?- microglobulin, nemogranin. and 
the platelet glycoprotein lhp polypeptide were among the most 
frequently identified platelet genes, similar to the rank -ordered 
results detet mined by mieroanay analysis. To formally confirm the 
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Table 3. SAGE-rdcntified nonmttochondriat tags 



Fietpjency 


CATG 4 SAGE lags* 


Accession no. t 


Gene 


Micjoaxfoyt 


26 


GTTGTGGTTAATCTGGT 


NM_ 004048.1 


p2-miaoglobuJin (B2M). mRNA 


PPP 


21 


T T GGT GAAGGAAGAAGT 


NM_02 1109.1 


Thymosin [i4. X chromosome (T MS84X), mRNA 


P 


8 


AGCT CCGCAGCCAGGTC 


NM_ 002620. 1 


Platelet tactor 4 variant 1 {PF4VI). mRNA - 


P 


8 


AGCTCCGCAGCCGGGTT 


NM_002619.1 


Pblotel (actor 4 (PF4), mRNA 


P 


7 


TGTATAAAGACAACCTC 


NM_002704.1 


Proplatelet basic protein (p-thf omboglobulin) 


PP 


5 


GGGCACAA T GCGGTCCA 


NM_0OO407.1 


Glycoprotein Ibp* porypeplide. mRNA 


P 


3 


AGGTAATAAAAGGTAAT 


MM_003512.1 


N2A nistone lamily, member L (H2AFL), mRNA 


P 


3 


AG! GGCAAG7 AAATGGC 


NM_021914.2 


CoHlin 2 (rnusde) (CFL2), mRNA 


N/A . 


.3 


T GACT GTGCTGGGTTGG 


NM_006176.t 


Neurogranin {protein kinase C substrate, RC3) mRNA 


P 


3 


TTGGGGTT7CCTTTACC 


NM_ 002032.1 


. Ferritin, heavy porypeplide 1 (FTH1), mRNA 


P 


2 


CCCTTGTGACTACCTAT 


NM_025158.1 


Hypothetical protein FU22251 (FLJ22251), mRNA 


WA 


2 


CCT GTAACCCCAGCTAC 


NM_032779.1 


Hypothetical protein FLJ 14397 (FLJt 4397), mRNA 


N/A 


2 


CTTGTAGTCCCAGCTAC 


NML017962.1 


Hypothetical protein FLJ20825 (FLJ20825), mRNA 


N/A 



'Unique tags identified more than once. , 

t Refers to the RelSeq accession no." Note that this number does not necessarity correspond to the accession no. provided by Asymetrix software annotations (Table 1). 

JPresence (P) or absence (A) is based on results from 3 distinct platelet microanay experiments. Capitalized "P." designates a gene that is in the lop 50 on all 3 microanay 
experiments, whereas small "p" designates those transcripts nol in the lop 50. Two of the genes {p2-microgtobulin and ^-thrombOQlobufin) axe represented by 3 and 2 probe 
sets, respectively, on Ihe HG-U95Av2 gene chip; for p2-M, all 3 probe sets were in the top 50 genes, whereas for thymosin B4 1 ol 2 was jn (he lop 50 lor all experiments (the 
olher probe set was in the top 75 tor all experiments). N/A indicates oBgonucleotide not present on Affymelr U HG-U95Av2 gene chip. 

results independently obtained by SAGE and microarray analysis, sented here. Overall, a total of 126 unique tags were identified, the 
quantitative RT-PCR was completed by using oligonucleotide majority of which (94) were represented only once. Of the total 
primers specific for 2 abundant mitochondrial transcripts, 16S unique tags, nearly one half represented novel genes not present on 
rRNA and NADII2 thymosin p<J (high-abundance by microarray the Aftymetrix U95Av2 GeneChip. Of the genes with unique tags 
and SAGE), 2 incompletely characterized high-abundance tran- identified more than once, there was excellent concordance with 
scripts (neurogranin and clusterin; see "Protein immunoanalysis of microarray expression analysis, with nearjy all of the SAGE tags in 

Table 3 corresponding to platelet top 75 microarray transcripts. The 
platelet factor (PF) 4 variant represents a single aberration because 
this was rank- ordered approximately 350 by microarray, although, 
its SAGE tog frequency was identical to that of the predominant 
PF4 iranscript. The lack of extensive nonmitochondiial SAGE 
sampling precludes any further extrapolations from this apparent 
aberration. Of note, a subset of these tags had long poly(A) tracls; 
although they all corresponded to genes identified in the RefScq 
database. 71 We cannol exclude the possibility of n SAGE artifact 
for this small subset of tags (—2%, representing 46 of 2033 lags), 
although (he auihenticity of the vast majority of tags (—98%) 
clearly validates the methodology. These tags are most likely 
explained by the unique biology of the platelet (ie, mRNA decay in 
the absence of de novo transcription) or to mRNA degradation 
occurring during ihe en tensive purification methods. In summary, 
even with a remarkably limited sampling, the power of this 
approach in gene idcntificalion of relatively abundant and less 
abundant transcripts is evident. It is clear, however, given the 
unique molecular anatomy of the platelel (ie, abundance of 1 
milochomlria) transcripts), thai SAGE adaptations will be required 
for more comprehensive genetic profiling. 79 

Protein immunoannlysis ol platelet clusterin ond neurogranin 

Although most of (he "most abundant"' transcripts would conform 
to a priori predictions for platelet-expressed inRNAs, a number of 
transcripts were identified that had been poorly characterized in 
human platelets. To further establish the authenticity of highly 
expressed iranscripis such as cluslerin and neurogranin, confirma- 
tory protein analyses were completed. As shown in Figure 5, both 
proteins weir clearly delected in purified platelet ivsrrtirs: further- 
more, rheii cellular phielel distributions conformed to those 
predicted based on previously proposed fnnciions. Noie for ex- 
ample thai clusterin — functionally char act erized as a complement 
lysis inhibitor able in block the terminal complement reaction — is 
primarily expressed on the exiracellular plate lei membrane. 3 " 



platelet clusterin and neurogranin"), a low-abundant - transcript 
(T-cell receptor ^-polypeptide), and the genes encoding proteins 
with well-established quantitative determinations (ie, glycoprotein 
a nnP> [—50 000 receptors/platelet); protease-activaled receptor- 1 
(PARI) [-1800 receptors/platelet]).' As shown in Figure 4, these 
analyses reveal excellent concordance between SAGE and microar- 
ray studies, demonstrating the predominant frequency of the 
.mitochondrinl-derived I6S rRNA/NADM2 transcripts, wilh incre- 
mentally lower expression of other transcripts as initially demon- 
strated by microarray ( 1 6S > NADII2 > Ihymosin (J4 > neurogra- 
nin > clusterin > n„rjp., > PAR I > TCRfi). 

Given the small number of nonmitochondrial SAGE lags 
available for analysis (n = 233), limited conclusions can be drawn 
using traditional (nonsublraciion) platelet SAGE libraries as prc- 




■ Figure 4. Quantitative rcr.l lime H1PCR analysis of platelet transcript*. Real- 
time Rl-PCR was computed b) using purified platelet RMA and oligonucleotide 
primer pairs :,pr f c ifitnlly drMgned vrMny Primer 3 software to generate srtnilaily-sized 
(-200- bp) PCR product. ri['!imi; eiJ <t> the twnc annealing temperature. In graph, 
(O) represents Mb. (Of lOQuy.-enii "la. represents PARI, (A) represents 16S 
iRNA. {V) represents NADH7. (▼) i*?p<eienls fhymosin, (O) represents clus)e»in. ( ♦) 
represents neurogranin. ;»nd t») repifcscnis ICRfl Curves arc lepresentativp of one 
complete sel ol r^fH'Mirunl;, irtrieateit tv.ir.e). and line plols reflect average 
fjeierrn.rtatmnv liom o wet's t .^!omH-(t in patallpr with GEM less than 1% tor all 
(Jala points. 
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Figure 5. Immunoanalysis of platelet neurogranin and 
ctusterin. (A-O) Ge^fiftered ptateteb were eiihor faced in 
3,7% torrn3ktehydo'trK)nperrneabifizBd) or fixed with perme- 
obifi2ation in the presence of 0.1% TritorvX followed by flow 
cytometric analysis using a/rtidustojin. anfr-tlbnifc), or antino\> 
rograntn antibodies and the FrTOconjugpted spedes- 
specific secondary antibody fin. C, the FITCconjugatod 
anrjrabbft and antimouse controls are ossentialry si^^erinv 
posed). (E-F) Ten micrograms of sorubffizod ttepG2 arte 
(hepa tocyte ceH fine), human brain, or purified pbletet rysales 
were anatyzed by SOS-PAGE,", end imrnunoWot analysis 
were completed by using 1: 10C0 dJkjbons °t either antineuro- 
granin (1B% SDS-PAGE) or anfidusterin (8% SOS-PAGE) 
antibodies. The anSdustonn aritfrody recognized 2 platelet 
fftimuncf eoctive species under, shorter exposure. Although 
the relative nenogronin and ctusterin protein abundances 
are stjboptimalry quantified by these.ariaryses, platelet (As- 
tern appears to demonstrate considerable expression when 
compared with that previously idontifted in hepotocytos. 31 



Given the importance of complement aclivation in platelet destruc- 
tion, the prominent expression of cell-surface clusterin might 
suggest a role for this protein in normal and pathologic events 
regulating platelet survival. Interestingly, a ctusterin-deficient 
knockout mouse has been generated that demonstrates enhanced 
cardiac dysfunction in a model of autoimmune myocarditis 31 
Although these mice apparently have normal baseline hemograms 
(B. Aronow, personal communication, October 2002), it remains 
uneslablished if they would be predisposed to immune- type 
thrombocytopenia in systemic models of autoimmunity. 

Similarly, the gene encoding an intracellular effector protein 
that may have key roles in downstream platelet activation events 
has now been demonstrated to have abundant transcript expression 
in human platelets. Neurogranin is a highly expressed platelet, 
transcript with its gene product demonstrating a primarily intracel- 
lular pattern of" distribution. Neurogranin is generally described as a 
brain-specific. C:i 24 -sensitive calmodnlin-binding phosphoprotein 
that is preferentially expressed in neuronal cell bodies ond den- 
drites. 31 ' 13 H is a specific protein kinase C (PKC) substrate that can 
also be modified by nitric oxide and other oxidants to form 
intramolecular disulfide bonds. Both its phosphorylation and 
oxidation state attenuate its binding affinity for calmodulin. 33 In 
stimulated platelets, PKC generation is linked to various activation 
pathways such as calcium-regulated kinases, mitogcn-aciivaled 
protein (MAP) kinases, and receptor tyrosine kinases. 1 Thus, these 
observations suggest thai platelet neurogranin may function as a 
previously unidentified, component of a PKC dependent activation 
pathway coupled to one (or more) of these effector proteins. 



Discussion 

These data provide* documentation for a unique platelet mKNA 
profile that may provide a tool for analy?ing platelet molecular 
networks. Nonetheless, the molecular analysis of the platelet 
imnscripioirte mav be confounded by the constant decay of 
mKNAs in the absence of new gene transcription, a situation that 
mav. for example, limit the identification of low- abundance 
transcripts. Similar! v. because the circulating platelet pool contains 



a mixed population of variably aged platelets, a "static" mRNA 
profile represents an average of this heterogeneous blood pool. 
Despite these potential limitations, the combination of genomic 
and proteomic technologies are likely to provide powerful tools for 
the global analysis of platelet function. Current strategies for 
cataloging "whole cellular proteornes" are generally accomplished 
by using 2 developing me thodologies:,( 1) high resolution 2-dimen- 
sional polyacrylamide gel electrophoresis (2-DE) with mass spec- 
tromerric sequence identification, 34 and (2) microcapillary liquid 
chromatography with tandem mass spectrometry (p.LC-MC/ • 
MC). 35 Further modifications of both procedures have been devised 
for direct comparative studies between 2 cellular proteomes. The 
introduction of 2-DE differential gel electrophoresis has now made 
it possible to delect and quantify differences between experimental 
sample pairs resolved on ihe same 2-dimensional gel 36 Likewise, 
the application of isotope-coded affinity tags to uXC-MC/MC 
represent a novel means of quantitative analyses between cellular 
proteomcs. 37 The success of both approaches relies on the availabil- 
ity of comprehensive genomic databases and mathematical algo- 
rithms for optimal protein identification. Indeed, mathematical 
modeling studies have demonstrated the need to delineate both 
protein and mKNA expression levels for optimal definition of 
intracellular networks. 3 * Our data present an initial framework for 
delineating platelet function by defining the molecular anatomy of 
human platelets, information that is likely to provide important 
clues into the dynamic protein interactions regulating normal and 
pathologic platelet functions. Furthermore, because the platelet 
transctiptome mirrors ihe mRNAs derived from precursor 
megakaryocytes, these analyses may provide insights into the 
biochemical and molecular events regulating megakaryocytopoi- 
esis ami/or proplatelel formation. 
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Overexpressiou of a DEAD box protein (DDX1) in neuroblastoma and 
retinoblastoma cell lines. 

Godbout R . Packer M . Bic W . 

Department of Oncology, Cross Cancer Institute and University of Alberta 1 1 560 
University Ave., Edmonton, Alberta T6G 1 Z2, Canada. 

The DEAD box gene, DDXI, is a putative RNA helicase that is co-amplified with 
MYCN in a subset of retinoblastoma (RB) and neuroblastoma (NB) tumors and cell lines 
Although gene amplification usually involves hundreds to thousands of kilobase pairs of 
DNA, a number of studies suggest that co-amplified genes are only overexpressed if they 
provide a selective advantage to the cells in which they are amplified Here we further 
characterize DDXI by identifying its putative transcription and translation initiation sites 
We analyze DDXI protein levels in MYCN/DDX 1 -amplified NB and RB cell lines using 
polyclonal antibodies specific to DDXI and show Uiat there is a good correlation with 
DDXI gene copy number, DDXI transcript levels, and DDXI protein levels in all cell 
lines studied. DDXI protein is found in both the nucleus and cytoplasm of DDXI- 
amphfied lines but is localized primarily to the nucleus of nonamplified cells Our results 
indicate that DDXI may be involved in either the formation or progression of a subset of 

^ RB tum0TS ai,d su 8g e st that DDXI normally plays a role in the metabolism of 
RNAs located in the nucleus of the cell. 



PM1D: 9694872 [PubMed - indexed for MEDLINE] 
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Modulation of gap junction mediated intercellular communication in TM3 
Leydig cells. 

goldcnbcrgRC, Fortes FS„ Cristancbo JM Morales MM. Franc! CR . Varauda WA 
Canmos dc Carvallio AC. : ' 

Institute of Biophysics Carlos Chagas Filho, UFRJ, Brazil. 

^°tS,T T duI ?l ion of intercellular communication via gap junctions was investigated 
'"mY ~?L g S ' " nder l0W and high influence states, and upon treatment of the 
SSsVr ,? ren , t t,mCS * ith activators of protein kinase A (PKA) and protein kinase C 

Cells in low confluence were readily coupled, as determined by transfer of the 
dye Lucifer Yellow; on reaching confluence, the cells uncoupled. Western blots and RT- 
PCR revealed that connexin 43 (Cx43) was abundantly expressed in TM3 Leydig cells 
and its expression was decreased after the cells achieved confluence. Stimulation of PKA 
or PK.C induced a decrease in cell-cell communication. Staurosporin, an inhibitor of 
protein fonases, increased coupling and was able to prevent and reverse the uncoupling 
actions of d.butyryl cAMP and 12-0-tetradecanoyl-phorbol-13-acetate (TP A) Under 
modulation by confluence, Cx43 was localized to the appositional membranes when cells 
W !Zo° UP l^ d T ma ' nly *" Uie cytopfesm- when they were uncoupled. In addition, 
cAMP and TP A reduced the surface membrane labeling for Cx43, whereas staurosporin 
increased .t. These data show a strong correlation between functional coupling and the 
membrane d.stribution of Cx43, implying that this connexin has an important role in 
intercellular communication between TM3 cejls. Furthermore, increased testosterone 
secretion in response to luteinizing hormone was accompanied by a decrease in 
intercellular -communication, suggesting that gap junction mediated coupling may be a 
modulator of hormone secretion in TM3 cells. 

PMID: 12740021 [PubMed -indexed for MEDLINE] 
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Expression level of Ubc9 protein in rat tissues. 
Golcbiowski P , Szulc A, Sakowicz M , Szutowicz A , Pawclczvk T 

PoT^T 0111 ° f M0 ' eCU,ar Medicine, M««cal University of Gdansk, 80-21 1 Gdansk, 

Ubc9 is a homologue of the E2 ubiquitin conjugating enzyme and participates in die 

Zl e" ° f SUM , 0 ^ m0leCU,e t0 thC ,3rget Pr0tdn - ta ^is 'eportwe describe a 

simple and efficent method for obtaining pure. human recombinant Ubc9 protein The 
purified Ubc9 retained its native structure and was fully active in an in vitro sumoylation 
assay w.th the promyelocyte leukaemia (PML) peptide as a substrate. In order to better 
understand the physiology of Ubc9 protein we examined its levels in several rat tissues 
immunoblot analyses performed on tissue extracts revealed quantitative and qualitative 
d.fferences in the expression pattern of Ubc9. The Ubc9 protein was present at a high 
level in spleen and lung. Moderate level of Ubc9 was detected in kidney and liver low 
amount of Ubc9 was observed in brain, whereas the 1 8 kDa band of Ubc9 was barely 
visible or absent m heart and skeletal muscle. In heart and muscle extracts the Ubc9 
antibod.es recognized a 38 kDa protein band. This band was not visible in extracts of 
other rat t.ssues. A comparison of the relative levels of Ubc9 mRNA and protein 
indicated that the overall expression level of Ubc9 was the highest in spleen and lung In 
spleen, lung, kidney, brain, liver and heart there was a good correlation between the 18 
kDa protein and Ubc9 mRNA levels. In skeletal muscle the Ubc9 mRNA level was 

ffiST^'j hieh ? mparing f ° thC IeVd ° f UlC 18 ^ P rotei n- The presented data 
tissue ^splcificity 6 eX P ression of the Ubc9 P rotein appears to have some degree of 

PMID: 14739995 (PubMed - indexed for MEDLINE] 
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ABSTRACT 

Motivation; Protein abundance is related to mRNA 
expression through many different, cellular processes. 
Up to now, there- have been conflicting results on how 
correlated the levels ot these two quantities are. Given that 
expression and abundance data are significantly more 
complex and noisy than the underlying genomic sequence 
information, it is reasonable to simplify and average them 
in terms of broad proleomic categories and features (e.g. 
lunctions or secondary structures), for understanding their 
relationship. Furthermore, it wilt be essential to integrate, 
within a common framework, the results of many varied 
experiments by different investigators. This will allow one 
to survey the characteristics ot highly expressed genes 
and proteins. 

Results: To this end, we outline a formalism for merging 
and scaling many different gene expression and protein 
abundance data sets into a comprehensive reference 
set, and we develop an approach for analyzing this in 
terms ol broad categories, such as composition, function, 
structure and localization. As the various experiments are 
not always done using the same set of genes, sampling 
bias becomes a central issue, and our formalism is 
designed to explicitly show this and correct for if. We apply 
our formalism to the currently available gene expression 
and protein abundance data tor yeast. Overall, we tound 
substantial agreement between gene expression and 
protein abundance, in terms ot the enrichment ot structural 
and functional categories. This agreement, which was 
considerably greater than the simple correlation between 
these quantities tor individual genes, reflects the way 
broad categories collect many individual measurements 
into simple, robust averages. In particular, we tound 

"\'o \\ horn cop>r.*>|>i>rKjrr>re \honld br. atldio.snl 
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that in comparison to the population of genes in the 
yeast genome, the cellular populations of transcripts and 
proteins (weighted by their respective abundances, the 
transcriptome and what we dub the translatome) were both 
enriched in: (i) the small amino acids Val, Gly, and Ala; 
(ii) low molecular weight proteins; (iti) helices and sheets 
relative to coils; (iv) cytoplasmic proteins relative to nuclear 
ones; and (v) proteins involved in "protein synthesis,' 'celt 
structure,' and 'energy production/ 
Supplementary information; http://genecensus.org/ 
expression/translatome 
Contact: mark.gerstein@yale.edu 

INTRODUCTION 

High throughput experimental ion, measuring mRNA 
(Schena el ai, 1995; Eisen and Brown, J 999; Ferea 
and Brown, 1999; Lipshutz et ni, 1999) and protein 
expression (Anderson and Seilhamer, 1997; Futcher et ni t 
1999; Gygi et ai f 1999a; Ross-Macdonald et ai, 1999; 
Lopez, 2000; MacBealh and Schreiber, 2000; Nelson 
et ai, 2000; Zhu et ai, 2000) are currently the single 
richest source of genomic information. However, how to 
best interpret this data is still an open question (Basseit 
et ai, J 996; Wines and Friedman, 1999; Zhang, 3999; 
Gerstejn and Jansen, 2000: Sear Is, 2000: Sher lock.. 2000; 
Claverie, J 999; Einarson and Golcmis, 2000; Epstein and 
Billow, 2000; Shapiro and Harris, 2000). Under si an ding 
how protein abundance is related lo mRNA uanscripl 
levels is essential for interpreting gene expression, protein 
interactions, structures and functions in a cellular sys- 
tem (Hatzimanikatis et ai, 1999). Moreover, as protein 
concentration is the more relevant variable with respect 
to enzyme activity, it connects genomics to the physical 
chemisiry of the cell (Kidd et ni. 2001). Protein abun- 
dance may also be invaluable for diagnostics and ivi 
determining dmg targets (Corlhals et ai. 2000). 
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Previously, we surveyed the population of protein 
features — such as folds, amino acid composition, and 
functions — in yeast, and other recently sequenced 
genomes (Gerstein, 1997, J998a,b; Gerstein and Hegyi, 
1998; Hegyi and Gerstein, 1999; Das and Gerstein, 
2000; Lin and Gerstein, 2000), and we extended this 
concept to compare the population of features in the 
yeast transcriptome to that in the genome (Drawid et 
at,, 2000; Jansen and Gerstein, 2000). Others have also 
done related work (Frishman and Mewes, 1997; Tat usov 
et al y 1997; Jones, 1998; Wallin and von Heijne, 1998; 
Frishman and Mewes, 1999; Wolf et a!., 1999). Here, we 
present a new methodology to compare the features of the 
mRNA expression population with the protein abundance 
population. 

Precise terminology is essential for this comparison. 
Unfortunately, 'proteome 1 is used inconsistently. Pro- 
teome can logically be used to describe all the distinct 
proteins in the genome (Qi et ai y J 996; Cavalcoli et 
1997; Fey et ai, 1997; Carrels et ai, 1997; Caasterland, 
1999; Jones, 1999; Saii, 1999; Tekaia et ol. y 1999; 
Bairoch, 2000; Cambillau and Claverie, 2000; Doolittle, 
2000; Pandey and Mann, 2000; Rubin et ai, 2000) and, 
in this context, it is equivalent to what others may refer 
to as the coding part of the genome. However, in papers 
on two-dimensional (2D) electrophoresis, it is often used 
to describe the sum total of proteins in a cell, taking 
into account the different levels of protein abundance 
(Shevchenko et ai, 1996; Cygi et ai, 2000a; Lopez, 
2000; Washburn and Yates, 2000). Jn an effort to be clear, 
we propose the term translatome' for this second usage 
of proteome. 

With this definition, we aie able to refer compactly to 
three different cellular populations. These a;e illustrated 
in Figure I. 

(i) We nse"'ihe term genome when we refer to the 
population of open reading frames, where each ORF 
counts once. 

(ii) We use the term iranscriptome when we refer to 
i he population of mRNA transcripts. This term was 
originally coined by Velculescu et ai (1997). Note 
i ha I each ORF may give rise to different numbers 
of transcripts. Consequently, the Hansen piome is 
essentially the same as the genome but with each 
ORF weighted by its expression level. 

(iii) The nc.\t level is (he cellular population of proteins. 
As each protein represents a translated transcript, 
we make an analogy with the term transcriptome 
and use (he term irnnslatome as described above 
to describe this third population. Thus, the trans- 
latome is a subset of the genome where each 
ORF is weighted by its associated level of protein 
abundance. 



Note that one could also, less compactly call the trans- 
latome a 'weighted proteome/ However, doing so assumes 
one of the two aforementioned definitions of proteome. To 
avoid ambiguity, we studiously avoid the use of proteome 
altogether in the paper. 

Differences between the translatome and the transcrip- 
tome exist given that transcripts from different genes 
can give rise to different numbers of proteins, due to 
different rates of translation and protein degradation. 
Post-transcriptional modifications further affect the 
translatome. 

Jn our analysis of the transcriptome and translatome, we 
focus on global protein features rather than the compari- 
son of individual genes. Previous analyses have shown that 
differences between mRNA expression and protein abun- 
dance levels can be quite dramatic for individual genes. 
. This may either be due to the noise in the data or to funda- 
mental biological processes. However; our analyses show 
that the variation between transcriptome and translatome 
is much smaller for global properties that are computed by 
averaging over the properties of. many individual genes. 

METHODS 
Dala sources used 

For our analysis we culled many divergent data sets, 
representing protein abundance and mRNA expression 
experiments and also other sources of genome annotation. 
These are all summarized in Table J. 

Biases in the data 

The databases that annotate the specific genes may 
not always be accurate (Ishii et ai, 2000). Gene Chip 
experiments suffer with regard to cross hybridization 
and the saturation of probes. SAGH data degrades for 
lowly expressed mRNAs. 2D gels are unable to resolve 
membrane proteins (approximately 30% of the genome) 
and basic pjoteins (Gerstein, 1998c; Krogh et ai, 2001). 
In addition, the procedures for identification and quan- 
tification of the protein spots are subject to. uncertainties 
(Haynes and Yates, 2000). Human biases include the 
lack of low abundance proteins (Fey and Larsen, 2001; 
Gygi et ai, 2000b; Harry et ai, 2000) and the differences 
between laboratories in sample preparation. Our reference 
expression data set attempts to resolve these problems. 

Dala set scaling 

A reference set for mRNA expression. With many differ- 
ent mRNA expression da la sets available, it is worthwhile 
to integrate them into a single unified reference set r with 
the intention of reducing the noise and errors contained in 
the individual data sets and to obtain a unified estimate of • 
the norma) expression state in a cell. 
We adopt an iterative scaling and merging formalism. 
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Fig. 1. Schematic overview of the analysis. On the left-side we outline the terms we use lo describe the process of gene expression. The 
coding section of the genome is transcribed into a population of mRNA transcripts called the 'transcriplome/ The transcripts in turn are 
translated to a population of proteins; we use the term 'translatome* for this protein population rather than the alternative 'pioteome' because 
the (alter term may be confounded with the protein complement of the genome (which is not necessarily associated with a quantitative 
abundance level). 

The matrix in the middle schematically shows an analysis of the three stages of expression. In general, we define a protein 'population' as 
a set of genes associated with a corresponding number of expression or abundance levels ('weights*): In the matrix each row represents a 
weight and each column a gene set. In particular, we differentiate between the mRNA reference expression set (GmRNA — ^Gen)> which 
essentially covers the complete genome, and the reference protein abundance set (Gp toI ) which contains the proteins in data sets 2-DE HI and 
2-DE #2 (see Tabic I) because the protein abundance set is a significantly smaller subset of the genome. By definition, this subset contains 
only proteins that can be identified by 2-D gel electiophoresis and is therefore biased in this sense. The enrichment figures throughout this 
paper, through a comparison of the right- and left-sides of this figure, show the results of the experimental biases of 2D gels on the data set." 
Each pie chart represents a composition of a particular protein feature F (for instance, an amino acid composition) in a population (represented 
by the symbol /*). We can further look at the 'enrichment' of this feature in one population relative to another (represented by the symbol A, 
see Section 'Methods' for an explanation of the formalism). 



which we summarize below. We present a more detailed 
review of the methods on our web site. 

We start with the values of one gene chip dam sel U; 
where ; is used throughout as a subscript to denote gene 
number. We then transform the values of the next Gene 
Chip data sel to Y; with the following non- linear regres- 
sion: min£,. (>'; - Ujj 2 with Y t = AX? where A and IS 
are I he pajamciets of ihc regression*. Note thai two Gene 
Chip sets may not be defined for the same sel of genes, 
so we have lo per for m the fit only over the genes com- 
mon to both sets. The motivation for scaling is that the 
dynamic range of observed expression levels varies some- 
what between different data sets, although cell types and 
growl It conditions ate very similar. Reasons lor dispar- 
ity may include different calibration procedures for relat- 
ing thiotesccnoe intensity to a cellular concentration (mea- 
sured in copies of transcripts per cell) or different pro- 
tocols for hm vesting and reverse- transcribing l he cellular 
mRNA. 

We (hen merce and average the data to create a new 



reference sel V as follows: 

If U; and Y; are both defined for °ene / and — — < a 

Yi + if; 

Then V f = i(Yi t + U t ) 

Else if only Y t exists, V; =">",- 

Else V { = U t . 

As presented above, where only one data set has a value 
for the corresponding ORF, we incorporated thai value 
and did not exclude it. When bolh data sets have values 
foi an ORF. we averaged the values if they were within 
J5/V- of each other; otherwise, we just stayed with the 
original chip data set (.',-. We used u — 15% in order to 
prevent out hers from skewing the result. This \5% value is 
a reasonable threshold for excluding outliers though other 
values (e.g. 10 or 20%) would give similar results (data 
not shown). Other data sets are subsequently included in 
the same procedure, continuing the iteration from the new 
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expression vaJues V*. The initial iteration starts with the 
Young Expression Set, as I/,-, since we have the highest 
confidence in its accuracy. 

The SAGE data (Velculescu et ai, 1997) was not 
included in the above procedure syice it is of a funda- 
mentally different nature. An advantage of the SAGE 
technology over Gene Chips is that there is no possible 
signa) saturation for high expression levels, as is possible 
for chips (Fuicher et o/. 7 1999). Conversely, SAGE values 
are less reliable for lowly expressed genes since there 
is a chance that one might not sequence a SAGE tag 
corresponding to such a gene altogether. Therefore, if 
after the last iteration, the average Gene Chip expression 
level Vi was both above a certain threshold and below 
the SAGE expression level 5/ for the same gene, it was re- 
placed with the SAGE value; otherwise the average Gene 
Chip value was kept. This gave us our final expression 
set w m RN,\- Our treatment of the SAGE data is modeled 
after that in Fuicher et ol. (1999), and like them, we used 
£ = 16. 

This incorporation of the SAGE data into the reference 
data set ensures that the highly expressed outliers are as 
accurate as possible. 

Rather than plain arithmetic averaging, this overall scal- 
ing procedure with the or cutoff avoids 'artificial averages' 
that combine very different values for a particular gene. 
Some expression values might be statistical outliers. In 
addition, it may be possible that the expression levels of 
a variety of genes can only be within mutually exclusive 
ranges or modes, such as when iwo alternative pathways 
are switched on or off. Simply averaging these would give 
values thai are less representative of the particular mode 
values. This situation is analogous to that in averaging 
together an ensemble of protein structures (i.e from NMR 
structure determination). Each structure could be stereo- 
chemical))' correct, with all side-chain atoms in predefined 
rotamer configurations. However, an average of all struc- 
tures could yield one that is stejeochemically incorrect if 
this involved averaging over particular side-chains in dif- 
ferent rotameric states. 

Wiih regard to our regression analysis, we have investi- 
gated both i ion- linear and linear fits but found a non- linear 
procedure lo be more advantageous. The non- linear rela- 
tionship between different expression data sets perhaps 
reflects saiuiation in one or more of the Gene Chips — not 
an uncommon phenomenon. This non-linearity is imme- 
diately evident on scalier plots ol two data sets against 
one another (see website). Accordingly, the non- linear 
fit produces a smaller lesidual than the linear fit: 9S277 
(non- linear) veisus 122 182 (linear) lor ihe scaling of the. 
Church data set and 59828 (non-linear) versus 67-162 
(linear) for the Samson daia set. 
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A reference set for protein abundance. We followed a 
similar procedure to calculate a reference protein abun- 
dance set from the two gel electrophoresis data sets. We 
first scaled the two data sets against the mRNA expres- 
. sion reference data set, getting regression parameters Cj 
and Dj: 

i 

where the subscript j indicates the data set 2-DE #1 or 
2-DE #2 respectively; P t j is the protein abundance value 
in data set j y and w m RNA;i ine corresponding reference 
expression value, and Cj and Dj are the parameters of 
the non-linear regression. 

Using these parameters, we transformed ihe values of set 
2-DE #2 onto 2-DE #1. Then we combined both sets into 
the reference protein set wp^i by averaging ihem, if both 
values existed. Otherwise, by using the existing value, viz; 

wpim.i ■= (Pu + 2i.?)/2 if both Pa and Q i 2 exist. 
Else if only Pa exists, u; Prol , = Pa 
Else if Q ; 2 exists, tvpioi./ = Qi.2- 
Enrichment of features 

Formalism. In the next part of our analysis, we want 
to group a number of proteins together into various 
categories based on common features, and characterize 
those features that are enriched in one population relative 
to another, i.e. the translatome population of proteins 
as measured by 2D gels relative to the lianscriptome 
population of transcripts or the genome population of 
genes. To this end, we set up a formalism that could 
be applied universally to all the attributes that we were 
interested in. Due to the limitations of the experiments, 
the translatome, transcriptome, and genome populations 
are defined on different sets of genes, and sometimes we 
want to remove this 'selection bias' by forcing them lo be 
compared on exactly the same set of genes. This is a key 
aspect of our formalism' as presented in Figure 1. 

We call an entity like |w, G) a 'population/ where G 
is a set describing a particular selection of genes from the 
genome and w is vector of weights associated with each 
element of this population. In particular, we focus on three 
main populations here: 

(i) I J. G(>n) is the population of genes in the genome, 
all 62 SO genes weighted once (w = )). 

(ii) h v mRNA- G m RNA) is- the observed population of the 
transcripts in the lianscriptome. i.e. the 02-19 genes 
in the relerence expression set weighted by their 
reference expression value: 
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(iii) [w Prol , Ghd] is the observed cellular population of 
the proteins in the transJatome, i.e. the 181 genes 
in the reference abundance set weighted by their 
reference abundance value. 

(The set of genes in the genome Goer, is approximately 
equal to the genes in set G m wA> such that we can use 
both symbols interchangeably.) We can also use this nota- 
. tion to describe specific experiments — e.g. [w (:K . 2 , Gt 3C zJ 
describes the gene set and weights relating to the transpo- 
son abundance set. 

Furthermore, we define F } as the value of a feature F 
in ORF 7. For example, F could be the composition 
of leucine (a real number) or a binary value (0 or J) 
indicating whether an ORF contains a trans-membrane 
segment. Given these definitions, the weighted average of 
feature F in population [w, G] is: 



*G W J F J 



The weighted averages of two populations |w, G] and 
[v, S) can be compared by simply looking at their relative 
difference A: 



A(F.[v, <T|,[w, G}) = 



Iv> S}) - pjF, K GJ) 
MF,K GJ) 



where v and w are weights for the sets of ORFs S and G 
respectively. We call A the 'enrichment* of feature F 
because it indicates whether F is enriched (if A is 
positive) or depleted (if A is negative) in population [v, S) 
relative to [w, GJ. 

Usually, the gene set G is defined by the particular 
experiment, lor which the weight w was measured. 
. However, it is also possible to combine the gene set 
associated with, one experiment with expression levels 
from another set. One may want to do this to compute 
the enrichment only on the genes common to both 
populations, lor which there are defined values for both >v 
and v, viz: A(F. \v, S O GJ. \w, S O GJ). Jn practice, 
this is most relevant for comparing G VlfH and G tnRNA . 
Since G P(OI is completely a subset of G mR *i Ar we need 
not explicitly de:i] with intersections il we calculate all 
statistics directly over Gp I0l . 

One can adjust the weight vectors to take into account 
different types of averaging. For instance, when com- 
puting the amino acid composition {F = no) from the 
amino acid compositions of individual ORFs F,- = on- 
(Vy e C). we weight by ORF length. In the case of . 
expression weights, we have: 

wj = /V,-w mRN/V; - Vj f G 

where A'; is a measure of the length of ORF / (such as the 
number of amino acids). 



On the other hand, when computing the average molec- 
ular weight per amino acid, we need to normalize by the 
number of amino acids per ORF, which is equivalent to 
choosing the following weights: 



Application of methodology to quantitative 
abundance sets 

Having defined our formalism, we applied it to a diverse 
set of protein features in yeast. 

Amino acid enrichment. As shown in Figure 2a, we used 
pur methodology to measure the enrichment of individual 
amino acids in both the transJatome and the transcriptome 
relative to the genome. We found that three amino acids— 
valine, glycine and alanine— were consistently enriched in 
both transcriptome and transJatome populations. 

In Figure 2a we compare different gene Sets. Jn Fig- 
ure 2b we focus mainly on the variation in enrichments 
when all the comparisons are restricted to the set of 18J 
genes (Gp /ot fl G m RNA = Gprot) common lb all data sets. 
Thus, the differences between the populations now only 
reflect the effects of differential transcription of certain 
genes and differential translation of certain transcripts. 
We find here an enrichment specifically of cysteine in the 
translatome in relation to the transcriptome. 

To measure the statistical significance of the results on 
amino acid enrichment, we have performed a control anal- 
ysis on a randomized data set (Figure 2d). We randomly 
per mutated the expression values of the ORFs 1000 times 
and then recomputed the enrichments. This allowed us to 
compute distributions for the amino acid enrichments and, 
from integrating these, one-sided /?- values indicating the 
■ significance of the observed enrichments. 

Amino acid enrichment in Transposon data set. We 
also tried to extend our methodology, ineffectively, to 
cope with the semi- quantitative Transposon set. We used 
only those 450 ORFs that consistently yielded either no 
expression or high expression, as binary data, on or off. We 
show the enrichments of amino acids computed from this 
filtered Transposon abundance set in Figure 2a. Overall, 
the enrichments from this set seemed to be attenuated in 
comparison to other data. 

Biomoss enrichment. A corollary to amino acid enrich- 
ments is the determination of the average biomass of the 
transcriptome and translatome populations (shown in Fig- 
ure 2c). We found thai the average molecular weight of 
a protein in both populations was. on average, lower than 
in the genome population. These preliminary observations 
suggest a cell preference to use less energetically expen- 
sive proteins for those that rue highly transcribed or nans- 
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Fig. 2. Amino acid and biomass enrichment, (a) Shows the amino acid enrichments between different populations as indicated by the legend 
to the right of the plot (the legend is ordered in the same way as the schematic illustration in Figuie 1). The bars indicate the enrichment of the 
iranscriplome relative to the genome, whereas the circles indicate the enrichment of the translators relative lo the genome. In addition, we 
also show the enrichment for protein abundance from the Transposon abundance set, represented by the circles with ihe line through them, 
(b) Shows a different view of amino acid enrichment from that contained in (a), now focusing on changes, and thus restricting the comparison 
to the genes common lo all the data sets. The graph is ordered according to the enrichment from transcriptome to translatome (black squares). 
We focus here only on the changes for the abundance gene set (Gp, or ) loexcJude ihe effects that arise from looking at different subsets. In this 
. view the enrichments from genome to transcriptome (white squares) and from genome to translatome (while diamonds) look more similar 
than do ihe analogous sets in (a). To make comparison with (a) easier we again show the enrichment from genome lo the Iranscriptomc for 
the complete gene set (Gg«» shown in bars), (c) Shows biomass enrichment. The left panel depicts the average molecular weight per ORF 
(in units of kDa) and the right panel, ihe average molecular weight per amino acid (in units of Dallons) in each of ihe three stages of.gene 
expression. The numbers inside ihe circles indicate the average molecular weights. The values nexi io ihe arrows indicate the enrichments 
in biomass between different populations. Both the circle diameters and the arrow widths are functions of ihe "corresponding values (the 
hollow arrow indicates a positive value), li is very clear thai the average molecular weight per ORF is much lower in the tianslatome (by 20 
or 15%) and transcriptome (by 29%) than in the genome. This relative depletion of biomass mainly takes place as a result of transcription; the 
effect of translation is less clear, depending on the populations compared. On the other hand, the depletion in the average molecular weighi 
per amino acid (-3.3% from genome lo translatome) is an order of magnitude smaJIer lhan in the average weighi per ORF This shows 
that the yeast cell lavois the expression of shorter ORFs over longer ones, and agrees with our earlier observation thai there is a negative 
correlation between maximum ORF icngih and mRNA expression (Janscn and Gcrsicin, 2000); it seems that this effect mainly lakes place 
during transcription laibcr than danslation. (d)This plot shows thai the amino acid enrichments are statistically significant. We have assessed 
significance by randomly permuting the expression levels among ihe genes and then recomputing the amino acid enrichments. This proceduie 
can be repealed and used io generate distributions nf random enrichments that can ihen be compared against the observed enrichments. Jn 
Ihe plol the gray bars represent the observed enrichments already shown in Figure 3a. On lop of the gray bars we show standard boxplots 
of enrichrnt-ni distributions based on 1000 random permutations. (The middle line represents the disinbution median. The upper and lower 
.sides of ihe box coincide wiih the upper and lower quartiles. Omlieis are shown as dots and defined as data poinis ihat aie outside the range 
of ihe whiskers, ihe length of which is 1.5 the interquartile disiance.) Based on the random distributions, we c an compute one- sided p- values 
for ihe obsrrvrd cm if h men is. Amino acids lor which ihe /--values arc less than 10" 3 are shown in bold font. 



hi led. However, wc nlso found thni the average molecu- 
lar weight pet nmino odd differed much less between the 
tnnscriptome and the nanslaiome on the one hand, and the 



L'enome on (he other hand {though ii was si ill slightly Il-ss). 
This finding indicates lhai lower molecular weights in the 
iranslaiome and fiaosot ipiome re I a live to ihe genome are 



mRNA expression and protein abundance data 




C 20% 

E 




NCSLFOI DvhmwpetrkVGA 
Amino acid 



o 

o o 

TED 

o o 



Fig, 2. Com. 



predominantly due to greater expression of shorter pro- 
teins rather than the incorporation of smaller amino acids. 

Secondary, structure composition. We also used our 
methodology to study the enrichment of secondary- 
structural features. Secondary structural annotation was 
derived from structure prediction applied uniformly to all 
the ORFs in the yeast genome as described in Table 1. 
As shown. in Figure 3a, all three populations — genome, 
transcriptome, and translatome — had a fairly similar 
. composition of secondary structures — sheets, helices, and 
coils. The differences between populations were marginal 
and based only on the small subset of genes. 

We also found that Transmembrane (TM) proteins 
were significantly depleted in the transcriptome (see 
website and caption). These results are consistent with 
our previous analyses (Jansen and Gci stein. 2000). The 
protein abundance data does not have any membrane 
proteins. 

Subcellular localization. Tig me 3c shows (lie enrich- 
ment of proteins associated with the various subcellular 
compartments. Tor clarity, we divided the cell into five 
distinct subcellular compartments, (see Table I). We 
found that, in comparison to the genome, both the tran- 
scriptome and translatome rue enriched in cytoplasmic 
proteins. This is true whether wc make our comparisons in 



relation to the relatively large reference mRNA expression 
set or the smaller reference protein abundance set. As 
Figure 3c shows, the 2D gel experiments are clearly 
biased towards proteins from the cytoplasm. However, in 
the biased subset Cr>i 0 i transcription and translation lead 
to an even higher fraction of cytoplasmic proteins in the 
translatome. 

Functional categories. Finally, we compared the enrich- 
ment of various functional categories in both the trans- 
latome and the transcriptome (see Figure 3b). This gives 
us a broad yet informative view of the cell as a whole. As 
described in Table I, we used the top-level of the M)PS 
scheme for the functional category definitions. We found 
broad differences between the various populations, with 
some of the functional categories showing strikingly high 
enrichments. 

DISCUSSION AND CONCLUSION 

We developed: (i) a methodology for integrating many dif- 
ferent types of gene expression and protein abundance into 
a common framework and applied this to a preliminary 
analysis; (ii)a procedure loi scaling and merging different 
mRNA and protein sets together; and (iii) an approach for 
computing the enrichment of various pioteomic features in 
the population of transcriprs and proteins. We showed that 
by analyzing broad categories instead of individual noisy 
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Fig. 3. Breakdown of the Iranscriplome and translators in terms of broad categories relating lo structure, localization, and function. All 
of the subfigwes are analogous to the schematic illustration in Figure I. (a) Represents the composition of secondary structure in the 
diffeieni populations, (b) Represents the distribution of subcellular localizations associated with proteins in the various populations. We used 
standardized localizations developed earlier (Draw id and Gerstein, 2000), which, in turn, were derived fiom the MIPS, YPD, and SwissProl 
databases (Bairoch and Apweilci, 2000; Costajrzo et oi. t 2000; Mewes el ol, 2000). The subcellular localization has been experimentally 
determined lor less than half of the yeast pioteins, so our analysis applies only to this subset, (c) Shows the division of ORFs into different 
functional categories (accoiding to the MIPS classification) in the various populations. Only the largest functional categories of the top level 
of the MIPS classification arc shown. The group 'other' contains the smaller top- level categories lumped together. This 'other' group is 
different horn the gioup 'unclassified.' which contains genes without any functional description. 



data points, we could find logical trends in the underlying 
daia. For example, individual unnscription factors might 
have hie he i oi lower piotein abundance than one expects 
horn i heir mRNA expression, but the category 'ti arisen p- 
tion factors" as a whole has a similar representation in the 
transcri pi orne and iranslatomc. 

We found, as previously described {Futcher ef a/.. J 999; 
Gygt c\ nl. : 1999b; Green banm et n/. r 2001), a weak 
con elation between individual measurements of mRNA 



and protein abundance. The outliers of this correlation 
tend to be associated with cellular organization. One 
might conceive of using these outliers (i.e. those with 
significantly different transcriptional and translations! 
bchavioi) to find consensus regulatory sequences. One 
possible method would involve using predicted mRNA 
structures Uacgei er n/.. 1990; Zukei. 2000) to fmd and 
investigate consensus structural elements in these outlieis 
to which the yeast trans la I ion a I machinery is known to be 
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Tablt I. DaU sets 



Description 



Sim IORBJ 



Reference 



mRNA expression 
Young 

Church 

Samson 

SAGE 

Reference expression 

Protein abundance 
2-DESI 

2-DE #2 
Ttansposon • 

Reference abundance 

Annotation 

Annotated localization 

TM segments- 

MIPS functions 

COR secondary structure 



Gene chip profiles yeast cells with • 
mutations that affect transcription 
. Gene chip profiles of yeast celb 
under four different conditions 
Comparing gene chip profiles for 
yeast cells subjected to alkylating agent 
Yeast cells during vegetative growth 

Scaling and integrating the mRNA 
expression set into one data source 

Measurement of yeast protein 

abundance by 2D gel 

electrophoresis and mass spectrometry 

Similar to 2-DE set #1 

Large- scale fusions of yeast genes 
with locZ by transposon insertion 

Scaling and integrating the 2-DE 
data sets into one data source 



Subcellular localizations of yeast- 
proteins 

Predicted TM and 
soluble proteins in yeasi 
Functional categories for yeast 
ORFs 

Predicted secondary structure 
yeasi ORFs 



5455 

6263 

6090 

3778 
6249 

156 

71 

1410 



2133 
(6280) 

2710 
(6280) 

3519 
(6194) 

6280 



Holstege *f<i/.( 1998) 
Roth etoS. (1998) 
Jclinsky and Samson ( 1999) 
Vclculescbrto/. (1997) 

Gygi rra/.<i999a,b) 

Fulcher etol. (1999) 
Ross-MacdonaJd etol (1999) 



•Draw-id and Gersiein (2000) 
Geislein(l998a,b,c) 
Mewes et til. (2000) 
Geistein(1998»,b,c) 



This table provides an overview of the data sets used in oui analysis. The table is divided into three sections. The top section lists diffcient mRNA expression 
sets. The middle section shows the protein abundance data sets used. The bottom section contains different annotations of protein featuics. The column 'Data 
set' lists a shorthand jefeience to each data set used throughout this paper. The nc.M columns contain a brief description ol the data sets, the number of ORFs 
contained in each of ihem, and the literature reference. In contrast to the other data we investigated, the reference expression and abundance data sets have 
been calculated for the purpose ol our analysis (see text). An expanded version of the table is available on our web site. 
Some further information on the genome annotations: 

localization. Protein localization information from YPD, MIPS and SwissProt were merged, filleted and standardized (Bajioch and Apweilei, 2000; 
Cosranzo ft at., 2000; Mewes a oi, 2000) into five simplified compartments — cytoplasm, nucleus, membrane, extracellular (including proteins in ER and 
pdgi), and mitochondria)— according fo the protocol in DiawiJ n at. (2000). This yielded a standardized annotation of protein subcellular localization for 
2 133 out of 6280 ORFs.' 

TM irgmrnts. In 2710 out of 62F0 yeast ORFs TM segments ate predicted to occur, ranging from low to high confidence (73? ORFs). Thc'IM prediction was 
performed as follows: the values fiorn the scale lot amino acids in a window of size 20 (the typical size of a TM helix) were averaged and then compared 
against a cutoff of — I kcal mol" A value under this cutoff was taken to indicate the existence of a TM helix. Initial hydrophobic stretches corresponding to 
signal sequences (or membrane insertion were excluded, (These have the pattern of a charged residue within the first seven, followed by a stretch of 14 with 
un average hydiophobiciry under the cutoff.) These parameters have been used, tesrrd, and refined on surveys of rnrinbrane protein in genomes. 'Sure' 
membrane proteins had at least two TM-srgmcms with an average hydiophobicity less than - 2 Kcal mol" 1 (Ro.M ft at., 1995: Gtrstein rial.. 2000. SanlOni 
ri fit.. 2000; Srnes ft »L 7000). 

f r nnt linns. MIPS functional categories have been a< signed to 35 1 9 our ol 619*1 ORFs. (The remainder are assigned to category ?S' or '99.' which 
rum's ponds ro unclassified function.) 



tcnsiiivc (McCanhy, 1998). 

)ti i etol ion to fnnciional categories, we found ihiee 
ire m Is thai weie paniculaiiy noiable: (i) ihe 'eel In tor 



organization.* 'prolein synthesis. 1 and energy production' 
categories were increasingly enriched as we moved (torn 
genome io Hansen pi ome io trans la tome. )n the traoserip- 
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tome and translalome population relative to the genome; 
(ii) proteins with 'unclassified function* are significanlly 
depleted, perhaps reflecting a bias against studying them; 
(in) proteins in the 'transcription' and 'cell growth, cell 
division, and DNA synthesis' categories were consistently 
depleted. This reflects the fact that many of these proteins, 
such as transcription factors, act as 'switches' such that 
only small quantities of the protein are necessary to 
activate or deactivate a process. These results concur with 
previous calculations (Jansen and Gerstein, 2000) wherein 
we found the transcriptome is enriched specifically with 
proteins involved in protein synthesis and energy. 



Limitations given the small size of the protein 
abundance data 

Even with the extended coverage made possible by 
merging many data sets together into reference sets, the 
analysis is still limited by the minimal data. This was 
most applicable to the protein abundance measurements, 
potentially biasing our statistical results towards certain 
protein families. Moreover, the 181 proteins in Gf> tol do 
not represent a random sample. They are skewed towards 
highly expressed, well-studied proteins. Our methodology 
attempts to control for this gene-selection bias through 
our enrichment formalism, which allows one to rather 
.precisely gauge various aspects of the bias. Conversely, 
many protein features in both the translatome and the 
transcriptome are dominated by highly expressed proteins. 
Under these circumstances, it is ofien sufficient to look at 
this smaller number of dominating proteins to characterize 
the whole population. This is similar to the development of 
the codon adaptation index for yeast (Sharp and Li, 1 987). 
While based on only 24 highly expressed proteins, it has 
proven to be tobusl in predicting expression levels for the 
entire genome. 

We believe that the essential formalism and approach 
that we develop will lemain quite relevant for future data 
"sets' (Smith, 2000). 
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Galanin in pituitary adenomas. 
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Tumor galanin content was measured in extracts from human pituitary adenomas using a 
specific RIA method for monitoring human galanin! Twenty-two ouTof twenty-fou 
tumors contained galanin with notably high levels in corticotroph adenomas varying 
.levels m clinically inactive tumors, and low levels m GH secreting adenomas. Tumor 
ga Jamn and ACT H contents were closely correlated in all tumors. In four young patients 
w,* m.croadenomas and highly active Mb Cashing tumor galanin was inversefy'related 
to tumor volume. The molecular form of tumor galanin, studied with reverse-phase 
HPLC, was homogeneous with the majority of tumor galanin coeluting with standard 
human galanin. In the rumors analysed with in situ hybridization there was a good 
correlation between galanin peptide levels and galanin mRNA expression In some 
tumors galanin mRNA and POMC levels coexisted, in others they were essentially in 
different cell populates. Levels of plasma galanin-LI were not related to tumor galanin 
concentrate, and galanin levels were in the same range in sinus petrosus close to .he 
pituitary venous dramage as in peripheral blood. Corticotropin releasing hormone 
injections ,„ two patients caused ACTH, but no detectable galanin release into sinus 
petrosus. Our results demonstrate that corticotroph, but no. GH adenomas, express high 
eve s of galanin, ,n addition to ACTH, and that in some tumors both polypeptides are 
synthesis*! ,„ the same cell population. However, galanin levels in plasma were not 
influenced by .he lumor galanin content. 
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Abstract. The adipocyte type fatty acid-binding protein (A- 
FABP) is a small molecular weight falty acid-binding protein 
whose expression correlates both with the grade of atypia and 
me stage of bladder transitional cell carcinomas (TCCs). To 
determine if the protein abundancy correlates with the 
mRNA levels in non-invasive and invasive lesions, we have 
analysed fresh TCCs (grade II, Ta; grade 111. T 2 .,) by two- 
dimensional polyacrylamide gel electrophoresis (2D-PAGE) 
and measured the mRNA levels using the reverse transcription 
linked polymerase chain reaction (RT-PCR). Overall, the 
results showed a good correlation between protein abundancy 
. and mRNA levels, indicating that the lack of expression of 
the protein observed in some, lesions reflects low levels of 
transcription of the A -FA BP gene rather than transitional 
regulation. In addition, our studies showed thai the loss of A- 
FABP protein observed in some tumors is not compensated 
by an increase in the skin fatty acid-binding protein PA- 
FAB P ( as is the case in lhe A- FA BP knockout mice. 

Introduction 

Bladder cancer accounts for 4.7% of Till human cancers 
diagnosed. The spectrum of bladder tumors is broad w>lh 
various histological types that include transitional cell 
carcinomas (TCCs), squamous cell carcinomas (SCCs), and 
adenocarcinomas (1-3). TCCs are by far the most prevalent 
tumors as they represent nearly 95% of all bladder cancers in 
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the Western Hemisphere. At first presentation, about 70% of 
the urinary bladder TCCs are diagnosed as differentiated 
superficial lesions that are confined either to the mucosa 
(Ta), or to the underlying connective tissue (Tj). The rest 
correspond to highly invasive, poorly differentiated tumors. 

Non-invasive TCCs occur as two distinct growth patterns, 
papillary and non-papillary (fiat) lesions (1,2); that display 
significant differences in their malignant* potential and that 
are believed to originate from different genetic alterations 
(4-6). Papillary carcinomas usually correspond lo low-grade 
lesions which frequently recur multiple times. These tumors 
be°in as areas of hyperplasia that later undergo a process of 
dedifferentiate (grades MV). Invasive tumors may arise 
from these lesions, but often are derived from non-papillary 
carcinoma in situ thai usually is of high grade at presentaoon 
and tend to invade and progress to muscle invasion and 
metastatic disease. 

To date, many attempts have been made to pinpoint genetic 
changes that underly progression of bladder cancer as well as 
to identify molecular markers that correlate with tumor 
progression. Cytogenetic studies and molecular geneuc data 
have shown that chromosomes 3p, 4p, 4q, 5q. 8p, 9p, 9q, 
lip I3 q> 14q, I7p and I8q are frequently altered m bladder 
urothelial tumors. (4,5 and refs. therein), and as a whole they 
have supported the notion thai bladder cancer is a mullistep 
process. Recently. Spruck et at (6) showed that chromosome 
9 alterations occur early during development, while p;>3 
mutations appear later in the process and confer invasive 
properties. The situation however is reverse »n the case ol 
Cis, as a large fraction of these lesions contain p53 mutations 
(5 6 8 9). Besides pointing towards two divergent pathways ol 
bladder tumor progression, these studies implied that the order 
in which the genetic changes occur is important ,n determining 
the outcome of the lesion. . 

Assessment of bladder cancer is based on a «horougn 
pathological examination or biopsy material which establishes 
the historical type of the tumor, its degree of diifeientiation 
(orade), and depth of invasion of the bladder wall (staging 
( 110-12) In spite of strict criteria for the pathological assessment 
of these lesions, there exist a significant inter- pathologist 
variation a fact that emphasises the need lor objective 
markers that rnav aid their classification. With this m mind 
WC ore exploring the possibility of using pioicoine 
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expression -profiles of ihese lesions as fingerprints to define, 
their gracic of atypia and eventually their stage (3,14). So far. 
more than 400 tumors of various grades and stages have been 
analysed by two-dimensional polyacrylamide gel 
electrophoresis (2D -PAGE), and preliminary experiments 
have shown that even though the overall protein expression 
profiles of tumors of the same grade and stage are very similar, 
there are important differences suggesting that morpho-. 
logically 'identical' TCCs may be further subdivided (I). Of 
the biomarkers of TCC progression identified so far, the 
adipocyte-lype fatty acid binding protein (A-FABP) is 
perhaps one of the most interesting as the levels of this 
polypeptide have been shown to correlate both with the grade 
of atypia as well as with the stage of the disease (3). Given 
the putative importance of A-FABP as a progression marker, 
and since Anderson and Seilheimer (15) recently showed that 
post-transcriptional regulation of gene expression is a frequent 
phenomena in higher organisms, we have compared the levels 
of A-FABP mRNA and protein in non-invasive and invasive 
bladder TCCs expressing and lacking this protein. 

Materials and methods 

Tumors. Fresh bladder tumors were obtained immediately 
after transurethral resection.. The grade and clinical stage of 
the tumors were determined by the pathologist at the Aarhus 
Municipal hospital. Clean tumors devoid of blood clots were 
divided into small pieces for 2D PAGE and DNA. and RNA 
preparation. The latter were immediately dozen in liquid 
nitrogen and store at -80" C until use. ) 

l' 5 S]-methionine labeling and 2D-PAGE. In a few cases, 
small tumor pieces were labeled wiih ("SJ-meihionine as 
previously described (3). 2D- PAGE was performed 
according to published procedures (16; see also hlip: 
//biobase.dk/cgi-bin/celis). 

RT-PCR. Frozen tumor samples were ground to powder in 
liquid nitrogen and total RNA was isolated using ihe acid 
guanidium isothiocyanate/phenol chloroform extraction 
procedure (17). The samples were treated with RNase-free 
DNases I (Pharmacia) to eliminate contaminating genomic 
DNA using the protocols recommended by Ihe supplier. 
Poly(A)* RNA was prepared using Poly (A) Quick columns 
according to the manufacturer s instructions (Siratagene). The 
synthesis of cDNA for RT-PCR reactions were carried out 
using the Cibco BRL Superscript Kit. Two pg of total RNAs 
was mixed wiih oligo -dTU primer, PCR buffer. MgCI, 
(25 mM). 0.1 M DDT and 10 mM dNTP. The mixture was 
incubated at 42*C for 5 mm followed by the addition of 
Superscript II reverse transcripiase and funhcr incubation at 
42'C for 50 min. The reaction was terminated by raising the 
temperature lo 70'C for 15 mm. followed by additional 
incubation at 37'C for 20 min in the presence of RNase H to 
deplete the RNA. Primers for known and cloned genes were 
purchase from Pharmacia as follows: A-FABP, Upper (from 
186- 208 bp) 5 ' ■ G A TC A TC A G TG TG A A T G G G G A T - 3 7 
lower (from 374-397 bp) 5 - CATCCTCTCGTITTCTCT1T 
ATG-3'; B-actin upper S'-GaGGTTCGCTCTGACTCTACC 
AC-3Ylower 5-CTCA'ITCaGCTCTCGGA ACATCTCG- T 



Table I. Expression of A-FABP in non-invasive and invasive 
bladder TCCs: 
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-The levels of a A-FABP protein were determined based on the 
visual analysis of Coomassie Brilliant Blue stained gels and 
represent the average esrimateof at least two different runs. Tumors 
scored as positive differed significantly with respect to the levels of 
the protein, and therefore are indicated wiih either four (very high), 
three (high), two (medium) and one (low) cross (see also Fig. J); 
The mRNA levels were determined based on the intensity of 
Ei nidi um Bromide stained cDNA bands separated on agarose gel 
using the Bio-Rad Gel Doc 1000 : system and represent the average 
estimate of al least ihree independent experiment. Corresponding 
mRNA levers are represented by crosses as described above. 



PCR reactions were performed in a Progene thermal cycler 
using the Advantage Klen Tag Polimerase (Clontech). The 
cycling parameters consisted of 30 sec of denaluraiion al 
94*C, with annealing of 30 sec at 60"C for B-aclin or at 
64'C for A-FABP. The extension time was for 2 min al 68*C 
for 29-40 cycles with the final extension of 7 min al 68"C The 
PCR products were separated on 1.5% agarose gel 
electrophoresis followed by ethidium bromide staining and 
photography under UV light. 

Results 



A-FABP protein levels in noninvasive and invasive TCCs. 
One hundred suspected TCCs removed at the Department of 
Urology, Skejby Hospital, were analysed by high resolution 
2D PAGE and Coomassie Brilliant Blue staining. 01 these, 
10 grade II. Ta TCCs (Table J) were chosen to corielate A- 
FABP protein and mRNA levels as these lesions yielded 
acceptable protein profiles both in terms of their purity as 
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Fieure I 1EF 2D gels or whole cellular extracts fiom non-invasive and 
invasive TCCs. A, TCC 532- 1 ; B . TCC-692- 1 ; C. TCC 763- I ; D, TCC 709- 1 
and a TCC 71 1- 1 . Only the relevant area of the gels are shown. 
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assessed by monitoring for the absence of vrmenOn 
(contamination wilh connective tissue) and desmm 
(contamination with smooth muscle cells), as well as 
polypeptide resolution. In addition, reasonable amounts of 
these tumors were available for mRNA preparation. 

Table J shows the levels of A-FABP protein expression in 
the 10 tumors analysed by 2D PAGE. The data were scored 
entirely based on the visual analysis of Coomassie Brilliant 
Blue stained gels and represent an average estimate of at 
least two diffeient runs. Tumors scored as positive differed 
significantly with respect to the levels of this protein, and 
therefore are indicated with either four (very high), three 
(hi°h), two (medium) and one cross (low). Representative 
examples of Coomassie stained 2D gels of tumors exhibiting 
very high (TCC 532-1, Fig. I A), high (TCC 692-1; Fig. IB), 
medium (TCC 763-1, Fig. lC) and undetectable levels (TCC 
709-1 and TCC 711-1 Fig. ID-E) of A-FABP are shown in 
Fig. 1 (only the relevant area of the gels are shown). 

A-FABP mRNA levels in non-invasive grade U, To TCCs. 
Since in many instances only a limited amount of ficsh tumor 
was available, we used RT-PCR to determine the levels of A- 
FABP mRNA in the ten TCCs analysed by 2D PACE (Fig. I). 
Following amplification, the PCR products were analysed by 
conventional 1.57c agaiose gel electrophoresis and visualised 
by elhidium biomide staming as shown in Fig. 2. The amount 



Feure 2 RT-PCR analysis of A-FABP mRNA expression in non-invasive 
iCrlL Ta) and invasive TCCs (Cr UK T r TJ. For RT-PCR analysis, the ss c- 
DNA was synthesized by Reverse Transcripmse using tola! RNA. anoVused 
for RT-PCR amplification. The PCR products were resolved on 1:5* 
ogaiosc gels and visualised under UV light following elhidium bromrde 
staining. The A-FABP panels show the results of amplication, 
pair of gene specific primers was used to generate the 220 bp DNA 
fragment. Amplification of A-FABP was obtained after 30 cycles of POL 
The B-aclin panels represent the amplification of the B-actm gene which 
was used as an intermil control to confirm that equal amounts of c-DNA were 
used in each reaction. 



of cDNA in each lane was normalised using several house- 
keeping genes so as to achieve a more accurate assessment of 
Ihe expression or .he A-FABP mRNA. As shown in F* 2. 
TCC 532- 1 exhibited Ihe highest amount or A-FABP mKTSA 
followed by TCCs 692-1, 763-1. 616-1. 581-1, 154-1. 166-5 
and 533-1 Undetectable levels or A-FABP mRNA were 
observed in .he cose of TCCs 607-1 and 709-1 (F.g- 2). 
Relative mRNA levels for the ten TCCs are g.ven in Table 1. 

A-FABP protein and mRNA levels in invasive grade III. T„ 
TCCs. Of the invasive TCCs (grade 111, T 2 J ) analysed by 2D 
PACE only six yielded reasonable protein profiles Tor further 
5 ,„dy As shown in Table 1. none of these lesions expressed 
detectable levels of A-FABP as determined by Coomassie 
Bnllian. Blue siaining (fig. IE. TCC 711-1). In line w.th these 
results, the RT-PCR analysis of these tumors ^/^"l" 1 
undetectable level of A-FABP mRNA (Fig. 2. Gr in 1,-1,. 
Table!). 

Loss of A-FABP protein is not compensated by an increase in 
PA-FABP. Recent studies of A-FABP knockout m.ce have 
shown that .he loss of A-FABP in fat .issue is compensa ed. 
by an increase in .he skin fa.ly acid-binding protein ^all (W 
Our studies, however, indicated that .he human hwnolo ue 
of mall PA-FABP (19), did not compensate for the loss o 
A-FABP e.ihe, in .he non-invasive o. .he .nvas.ve tumors 
'analysed in this s.udy (Fig. ID and E). In ad.dil.on. h;J 
shows 2D gels of |<>S)-n,e.hion,ne labeled pro.cins from 1 wo 
.,*le 11. Ta TCCs (192-4. T,; fig. 3A and 192-4. T ; . F,g. 3B). 
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Figure 3. Levels of A-FABP and PA-FABP protein in grade II; rumors 
resected from (he same patient. The two upper panels show the 2D gel 
□utoradiograms of | W SF methionine labeled proteins from TCCs (grade II, 
Ta) icsected from the same patient. A, TCC 192-9 tumor 4 and B.- TCC 
192-9 tumor I. Only the relevant area of the auioradiograms arc shown. The 
low panel shows the RT-PCR analysis of A-FABP mRNA expression in the 
same tumors (see also legend to Fig. 2). 



which differ significantly in their levels of A-FABP protein 
one! mRNA (Fig. 3, low panel). As shown in Fig. 3. the 
decrease in A-FABP observed in TCC 129-4, T, is nol 
accompanied by an increase in the PA-FABP protein (Fig. IE). 

Discussion - . 

Of the TCC progression markers identified to date, A-FABP 
is perhaps one of the most interesting as its presence correlates 
both with the grade of ntypia (p=0.0006) and the stage of the 
disease (p=0.0269) (3). A-FABP is a low molecular weight 
protein belonging to a cytosolic multigene family of lipid- 
binding proteins that include heart, liver, intestinal, muscle, 
brain, skin and epithelial isoforms (20). Members of the 
FABP family are highly expressed in differentiated cells and 
show narrow tissue distribution. Their precise function is at 
present unknown, although (here is evidence suggesting that 
they may play roles in intracellular lipid transpotl and 
metabolism, signal transduction (21,22) as well as growth 
control and differentiation (23). The tole in signal transduction 
has been inferred from the fact that long-chain fatty acids and 
their metabolites can act as primary and second messengers 
in specific signalling palhways (24). Rccenlly, it has been 
shown that A-FABP may play a central role in the palhway 
that links obesity with insulin resistance, most likely by 
connecting the fatty acid metabolism with the expression of 
TNF-a (18). Furthermbte, there is evidence indicating that 
(he A-FABP gene contains sequence information necessary 
tor differentia lion- dependent ex pi ess ion in. adipocytes (25). 
Our own data derived from the study ol TCCs and normal 
mothelium suggest that A-FABP may be required lor normal 
urolheliurn differentiation (I), as may he ihc case lor PA- 
FABP in the skin ( 19): 



Considering the potential prognostic value of A-FABP 
protein and/or mRNA in TCC progression it waVirnportam to 
determine if the levels of both type of macromolecules 
correlated both in 'the non-invasive and the invasive lesions 
expressing and lacking A-FABP. The need for such correlation 
was underlined by recent studies of Anderson and Seilhamer 
(15), who reported a lack of overall correlation between the 
mRNA and protein levels of. 45 rat proteins analysed by 2D 
PACE in combination with cDNA arrays, their data yielded a 
correlation coefficient of 0.45 which is half way between weak 
and perfect correlation. Clearly, our data showed a very' good 
correlation between the protein and mRNA levels of A-FABP 
in all tumors analysed indicating that the loss of A-FABP 
protein observed in some tumors is not due to post- 
transcriptional regulation. 

Recently, knockout mice carrying a null mutation in the 
aP2 gene encoding for A-FABP was produced (18). These 
animals do not show an obvious morphological or metabolic 
phenotype, but exhibit a 20-fold increase in the levels of the 
keratihocyte type FABP {mall ), which may compensate for 
the loss of the deleted gene (18). The human homologue of 
the mall gene, PA-FABP, was cloned in our laboratory and 
has been shown to be highly upregulated in psoriatic skin as 
well as in abnormally differentiated primary keraiinocytes 
(19). PA-FABP is expressed in normal urotbelium together 
with A-FABP (3), and ongoing studies in the laboratory have 
shown that its level decreases significantly as tumors progress, 
interestingly, the studies reported in this article did not revealed 
a compensatory up- or down-regulation of PA-FABP in. the 
TCCs analysed, supporting the contention that PA-FABP may 
also play a role in cell growth and differentiation ( 19). . 
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ProteiB abundancy and tnJlNA levels of the adipocytc-type fatty acid 
binding protein correlate in non-invasive and invasive bladder transitional 
cell carcinomas. 

Gromova I, Gromov P . Wolf FT, f^IislK 

Department of Medical Biochemistry and Danish Centre for Human Genome Research, 
The University of Aarhus, Aarhus C, Denmark. 

The adipocyte type fatty acid-binding protein (A-FABP) is a small molecular weight fatty 
ac.d-binding protein whose expression correlates both with the grade of atypia and the 
s age of bladder transitional cell carcinomas (TCCs). To determine if the protein 
abundancy correlates with the mRNA levels in non-invasive and invasive lesions we 
haye analysed fresh TCCs (grade II, Ta; grade III, T2-4) by two-dimensional ' 
polyacrylamide gel electrophoresis (2D-PAGE) and measured the mRNA levels using the 
reverse transenpuon linked polymerase chain reaction (RT-PCR) Overall the results 
showed a good correlation between protein abundancy and mRNA levels, indicating that 
the lack of expression of the protein observed in some lesions reflects low levels of 
transcription of the A-FABP gene rather than translational regulation. In addition our 
studies showed that the loss of A-FABP protein observed in some tumors is not ' 
compensated by an increase in the skin fatty acid-binding.protein PA-FABP as is the 
case in the A-FABP knockout mice. 
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METHODS The serum level oMF fflSlT^' 3 ™ 1 ^ 111 ^ 

measured by ELBA method PeriX ™. w 5 P * ^ n0rmal persons werc 

was determined by fZ clme^ 2? ^ mo ™™«™^ (PBMC) MIF expression 

lung tissues were detecTe CSiSirV*? mRNA ' and pr ° tein in * e 
hybridization. RESULTS JST? ^"-ishy labeling and in sita 
patients as compared with nZ7^2 2 ><0o7uf **** 
expression was higher WARDS naSftf °' ? P ercen,a g e of PBMC MIF 
hybridization andlL^o^och^^r "T"? 00,111015 (? " ° 0,) - fa situ 
Protein expression in ^^^TS^T^Ir °Z ^ ^ ^ 
rnRNA and protein expression tathe A^^^^ "Potion of MIF 
alveolar space and interstitium most of^htbT' ARDS J macro P ha g« '"filtrated the 
macrophages were almost rS 7 50 ex P ressed MIF. Infiltrating 
ex P re4„ 8 leve. howed a S^T^ ^ f ^ ^ The ™F 

CONCLysiONSThSrSr^ 

ARDS patients with enhanced nnlml, ^ ex P ressi0 » increased in 

which suggests that ^X^^JZ 7*t" ^ '" fi ^i°n, 
ftty^ a pivotal role in the pathogenesis of ARDS. 
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Res tored expressiou a „d activity of organic ion transporters K)AT1 
rOA13 and rOCT2 after uypcriiriccmia in the rat kidney. 

HabuY, Yanot, Okuda M, Fukatsu A. ln,<ij£ 

Department of Pharmacy, Kyoto University Hospital, Faculty of Medicine Kyoto • 
Uiuverstty, Sakyo-ku, Kyoto 606-8507, Japan. Y 

We previously reported that in hyperuricemic rats, renal impairment occurred and organic 
™ transport actr vty decreased, accompanied with a specific decrease in the exTeST 

r^TLTZTT^' 10 ^ "* r ° AT3 ' and ° reanic Cation ^sport" 

1 P ■ , dy * WC lnvest, 8 atefl the reversibility of the organic ion transport 
acuity and expression of organic ion transporters (slc22a) during recovery from 

uS aTd^r- HyPen,n H Cemia r indUCCd by ^ ^--^tionof a chow containing 
unc acd and oxon.c acd, an mh.b.tor of uric acid metabolism. Four days after 
d,scont,nuance of the chow, the plasma uric acid concentration reamed to the normal 

pS^fnS on S -n ° atera ' TEA showed a ^ 

SS^^?^ P 3 ? t0 n- er ° ne co " cc » lrat -«. which is a dominant factor in 
u e regulatio n of rOCT2, was gradually restored during the recovery from hyperuricemia 
bu the correlat.on between the plasma testosterone level and rOcS p^S^ST 
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Regulation of cytochrome P4501A1 in teleosts: sustained induction of 

CYP1A1 inRNA, protein, and catalytic activity by 2,3,7,8- 

teti achlorodibenzofuran in the marine fish Stenotomus'chrysops. 

Halm ME , Stegeman JJ . 

Biology Department, Woods Hole Oceanographic Institution, Massachusetts 02543. 

Cytochrome P4501 Al (CYP1 Al) is known to play important roles in the activation and 
detoxification of carcinogens and other toxicants in vertebrate animals, including fish. 
Although extensively studied in mammalian systems, the regulation of CYPIA forms in 
other vertebrates is less well understood. We examined the time course and dose- 
response relationships for induction of CYP 1 Al mRNA, protein, and catalytic activity by 
2,3,7,8-tetrachlorodibenzofuran (TCDF) in the marine fish Stenotomus chrysops (scup). 
The time course of CYP1 Al induction was determined following a single ip dose (10 
nmol/kg) of 2,3,7,8-TCDF. Hepatic ethoxyresorufin O-deethylase activity was increased 
after I day, reached a maximum by 8 days, and was still elevated 14 days after treatment 
The content of immunodetectable CYP 1 Al protein in liver was elevated on Day I and 
continued to increase through 14 days. CYP1 A I protein content was also strongly 
induced in heart and gill beginning at 2 days after treatment and extending through Day 
14. Hepatic CYP I Al mRN A was strongly induced by 1 day after dosing and remained 
elevated through 14 days. The sustained induction of CYP1 Al mRNA by 2,3,7,8-TCDF 
contrasts with the transient induction seen previously in fish treated with nonhalogenated 
inducers and most likely reflects differences in persistence of the inducers. Dose-resporise 
studies indicated that induction of CYP 1 Al mRNA, protein, and catalytic activity 
occurred following doses of 2,3,7,8-TCDF as low as 0.4 nmol/kg (120 ng/kg), within the 
range of whole-body contents of this congener measured in fish from contaminated 
environments. The estimated dose producing half-maximal CYPl Al induction in scup . 
was approximately 2-10 nmol/kg, suggesting that the sensitivity of these fish to induction 
may be as great as or greater than that of rats. In contrast to previous results obtained with 
3,3',4,4'-terrachlorobiphenyl (TCB) and beta-naphthoflavone, which appear to inhibit or 
inactivate CYP1 Al in fish and other vertebrates, there was a good correlation among 
levels of CYP1 Al mRNA, protein, and catalytic activity in individual fish following 
various doses of 2,3,7,8-TCDF. The difference in response to 2,3,7,8-TCDF versus 
3 5 3*,4,4'-TCB may reflect differences in the inducing potencies of the two compounds 
relative to their similar potencies as inhibitors of CYPIA 1 catalytic activity. In additional 
studies to evaluate structure-activity relationships for CYPl Al induction by chlorinated 
dibenzofiirans in fish, scup were treated with 2,3,6,8-tetrachlbrodibenzofuran (2,3,6,8- 
TCDF). At 10 or 50 nmol/kg, 2,3,6,8-TCDF was inactive as an inducer of CYPl A I ' 
mRNA, protein, or catalytic activity.(ABSTRACT TRUNCATED AT 400 WORDS) 
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Expression of the pS2 gene in breast tissues assessed by pS2-mRNA 
analysis and pS2-protein radioimmunoassay. 

Hahnel E, Robbuis P, Harvey J, Sterrett G, Hahnel R . 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical 
Centre, Nedlands. 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein 
using a radioimmunoassay, and by determining pS2-mRNA using Northern blotting. 
There was a good correlation between the two measurements, indicating that expression 
of the pS2 gene in breast tissues may be assessed by either method. Since 
radioimmunoassay is technically easier and more efficient than Northern blotting, 
radioimmunoassay will be the method of choice in routine applications. 
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Brief communication 

Expression of the pS2 gene in breast tissues assessed by pS2 mRNA analysis 
and pS2-protein radioimmunoassay 



EriJca Hahnel, Peter Robbins, Jennet Harvey, Gregory Sterrett and RoJand Hahnel -* " : 

^^ €nt °f Patholo iy> University of Western Australia, Queen Elizabeth II Medical Centre Nedlands 
6009, Western Australia ' . ' 



Key words: breast tissue, pS2-mRNA, pS2 protein, radioimmunoassay 
Summary 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein using a radioimmu- 
no.assay, and by determining P S2-mRNA usingNorthern blotting.Tbere was a good correlation between the 
two^measurements, mdicating that expression of the pS2 gene in breast tissues rriay be assessed by either" 
method. Smce radmnnmunoassay is technically easier and more efficient than Northern blotting, radioim- 
munoassay will be the method of choice in routine applications. 



Introduction 

Expression of the pS2 gene is controlled by estro- 
gen. This was first described in the MCF-7 breast 
cancer cell line f 1]. pS2 expression has since been 
reported lobe useful as a prognostic indicator f2, 
3], although this was not confirmed in another se- 
ries [4]. 

pS2 expression may be assessed in tissue ho 
mogenates by amfysh of pS2-mRNA [5), by ra- 
dioimmunoassay of the pS2-protein [2], or by im- 
munocytocbemical detection of the pS2 protein in 
tissue sections [5]. Jt was the aim of this study to 
establish the correlation between pS 2- mRNA and 
pS2-protein.by radioimmunoassay in a scries of 
tissues obtained from mastectomy specimens per- 
formed for carcinoma of the breast. Primary breast 
carcinoma tissue, metastatic carcinoma within ax- 
illary Dodes, and macroscopicaJJy benign breast 
tissue were examined. 



Materials and methods 



Breast tissues 



Tissue specimens from mastectomies performed 
for carcinoma of the breast were examined. 32 pri- 
mary breast carcinomas, 10 axillary lymph nodes 
containing metastatic .breast carcinoma, and 20 
samples of uninvolved breast tissue were analyzed 
for pS2 expression. 

The primary breast carcinomas were histolog- 
ically classified using a conventional subclassifi- 
cation. The presence or absence of primary tumour 
was assessed. The presence of metastatic carcino- 
ma within lymph nodes studied was verified by 
histological examination of the node remnant after 
sampling. 

'Uninvolved* breast tissue was sampled from 
sites welJ removed from the primary breast tumour 
(usua)iy in another quadrant of the breast), and was 
selected only if the tissue appeared macroscopical- 
ly unremarkable'. Tissue sampling occurred irrime- 
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diately upon arrival of the mastectomy specimen in 
the laboratory, with minimal delays between re- 
moval and sampling. 

. Tissues for j>S2 analysis were snap frozen in liq- 
uid nitrogen and stored at ~70°C until prqcesSed. 

Extraction of RNA and determination of 
pS2-mRNA , 

Details of the procedure have been described in our 
previous paper [6). Briefly, the deep-frozen tissue 
was homogenized in a micro-dismernbrator. The 
homogeneous powder, was extracted with guani- 
diniunusouhioc^anatephenolchloroformiso- 
amylalcobol, and RNA was precipitated with iso- 
propanol. The washed RNA jtellet was dissolved in 
SDS and glyoxylated, and the RNA preparation 
loaded onto agarose gel. After electrophoresis the 
gel was capillary blotted onto Zeta-probe mem- 
branes. Membranes were hybridized overnight 
with cDNA.probes pS2 and 36B4, which were la- 
beled with [a*P] dCTP by nick translations. 
Washed membranes were exposed to Kodak X- 
pmat AR film. Relative intensities of the mRNA 
bands were assessed visually as not detectable, ve- 
ry weak^ weak, medium, strong, and very strong, 
taking the intensities of the ubiquitous 36B4 bands 
into account. 



. Radioimmunoassay ofpS2-protein 

Deep frozen specimens were pulverized with a mi- 
crodismembrator. The tissue powder was suspend- 
ed in 10 volumes of pH7.5 phosphate buffer/The 
homogenate was centrifugedin a refrigerated cen- 
; trifuge at 4°C for 60 minutes at 2600xg. The su- 
pernatant was removed with a Pasteur pipette, 
carefully avoiding the fa! layer on the top. The pro- 
tein concentration in the supernatant was estimated 
by use of the Coomassie dye-binding method [7]. 
An aliquot of the supernatant was diluted to a pro- 
tein concentration between 1 and 2mg/ml before 
assay of tbe pS2- protein. In one. case the protein 
concentration of the supernatant was well below 
1 ms/ml. . 



The estimation of the pS2-protein was perform- 
ed using a solid phase, two-site radioimmunoas- 
say. The kits were bought from CIS Biointema- 
tional, Gif-sur-Yvette, France (ELSA-PS2). In this 
method the molecules of pS2 are sandwiched be- 
tween two monoclonal antibodies; tbe first one is 
coated on the EJLSA solid phase, the second one is 
radiolabeled with J25-iodine. The radioactivity 
bound to the ELSA is proportional to tbe concen- 
tration of pS2-protein. Details of the procedure are 
supplied with the kit (8). * 

Results and discussion 

32 primary breast carcinomas, metastatic breast 
carcinoma in 10 lymph nodes, and 20 samples of 
benign breast tissue from mastectomies were in- 
vestigated. Two of the carcinomas were of the infil- 
trating lobular type, two were ductal carcinomas in 
situ y one was a multicentric invasive ductal carci- 
noma, all others were invasive ductal carcinomas.. 

Examples of pS2 Northern blots have been 
shown in our previous paper [6) which demon- 
strate that undegraded pS2 mRNA can be isolated 
by the method used. 

The results of the pS2-protein and pS2-mRNA 
assays are shown on Fig. ]. There was a good corre- 
lation between-the two types of results. When pS2- 
rnRNA could not be detected by Northern blot, 
pS2-protein results were usually below ] ng/mg 
protein (22 of 30) ; or between 1 and 3.7ng/mg (6 of 
30). Two were exceptions (7,7 and 14.6); one of 
them could have been due to the very low protein 
content in the eytosol which would lead to a large 
pS2 value and an associated error. There was no 
explanation for the other high result. Very weak 
pS2-mRNA signals on Northern blots correspond- 
ed to pS2-prolein values between 1.1 and 19.2 with 
an average of 6.6ng/mg protein (median 5.7); The 
mean arid median pS2-protein concentration in the 
tissue with weak pS2-mRNA signals were 14.3 and 
10.7 ng/mg protein, respectively. The average pS2- 
proiein concentration increased to 32.7 (median 
31.5) no/mg protein for tissues assessed as medium 
pS2-mRNA iniensity, and to 43.3 (median 53.8) 
ng/mg protein for tissues with strong or very strong 
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pS2-mRNA signals. These values should be used 
as an approximate guide only, since the number of 
samples in the various groups was fairly smalh 
One-way analysis of variance confirmed that the 
means of the pS2-protein values in the groups 
made up according to their pS2-mRNA signal in- 
tensity, were significantly different (p <lfj-*). 

If the pS2 gene is expressed, its expression is on 
average greater in breast carcinomas than in unin- 
volved breast tissue. If one takes pS2-protein val- 
ues above 4ng/mg protein as cut-off, the average 
pS2-protein irt J4 breast cancers was 343 (median 

: (35.2), while it was only 18.1 (median 13.8) in 12 
uninvolved breast tissue samples.. If the cut-off is 
taken at JOng/mg protein, average pS2-protein in 
breast carcinoma is also about twice the level of 
uninvolved tissue. There were not enough lymph 
node metastases which expressed the pS2 gene to 
allow a comparison with carcinoma or uninvolved 
breast tissue. , 

Recent preliminary results of pS2 by radioim- 
munoassay [9] are similar to ours for breast cancer 
but considerably lower than our results for normal 
breast tissue. 

The values of the pS2-protein measured obvi- ' 
ously depend on the protein used for calibration. 
We used the pS2-protein standards supplied with 
the CIS kit, which according to the supplier gave 

values from 0 to 740ng/mg protein in a series of 

205 breast* cancer cytosols. Previously, a different 

standard had been used for presumably the same Acknowledgements 
series of breast carcinomas [2], and a conversion 

factor, to current standards is given as 2.8 [8]. This investigation was supported in part by a grant 

It was noticed that the correlation between pS2- from the Sir Charles Gairdner Hospital Research 
protein and pS2-mRNA was better in breast carci- Foundation, the authors wish to thank Professor P. 
noma specimens than in uninvolved breast tissue. Chambon, Strasbourg, France, for the gift of pS2 
This is unexplained, though it could be due to the and 36B4 cDNAs. A preliminary account of our. 
variable content of cell or tissue types in adjoining results was presented at the First Joint Conference 
parts of a specimen, a variation more likely to oc- of the American Association for Cancer Research 
cur in our sampling of non-malignant breast tissue and the European Association for Cancer Re- 
compared to sampling of carcinomas. A similar search, held at Santa Margherita, Italy, 6-9 No- 
variability in breast carcinoma specimens will vember, 199J. 
probably have a smaller influence on the pS2 re- 
sults, since ihe malignant cells - if they do express 
the pS2 gene - contain more pS2-proiein than nor- References 
irial breast. 

I. MaMafcowski p. Breath nach R.BJochJ* Can nonKKrusi A. Chain- 
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The role of the epidermal growth factor receptor in sustaining neutrophil 
inflammation in severe asthma. 
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Southampton, UK. 

BACKGROUND: The extent of epithelial injury in asthma is reflected by expression of 
the epidermal growth factor receptor (EGFR), which is increased in proportion to disease 
seventy and is corticosteroid refractory. Although the EGFR is involved in epithelial 
growth and differentiation, it is unknown whether it also contributes to the inflammatory 
response in asthma. OBJECTIVES: Because severe asthma is characterized by 
neutrophilic inflammation, we investigated the relationship between EGFR activation and 
production of IL-8 and macrophage inhibitory proteiivl alpha (MIP-1 alpha) using in 
vitro culture models and examined the association between epithelial expression of IL-8 
and EGFR in bronchial biopsies from asthmatic subjects. METHODS: H292 or primary 
bronchial epithelial cells were exposed to EGF or H202 to achieve ligand-dependent and 
hgand-inclependent EGFR activation; IL-8 mRNA was measured by real-time PCR and 
IL-8 and MlP-lalpha protein measured by enzyme-linked immunosorbent assay 
(ELISA). Epithelial IL-8 and EGFR expression in bronchial biopsies from asthmatic 
subjects was examined by immunohistochemistry and quantified by image analysis 
RESULTS: Using H292 cells, EGF and H202 increased IL-8 gene expression and 
release and this was completely suppressed by the EGFR-selective tyrosine kinase 
inhibitor, AGI478, but only partially by dexamethasone. MIP-1 alpha release was not 
stimulated by EGF, whereas H202 caused a 1.8-fold increase and this was insensitive to 
AG1478. EGF also significantly stimulated IL-8 release from asthmatic or normal 
primary epithelial cell cultures established from bronchial brushings. In bronchial 
biopsies, epithelial IL-8, MlP-lalpha, EGFR and submucosal neutrophils were all 
significantly increased in severe compared to mild disease and there was a strong 
correlation between EGFR and IL-8 expression (r = 0.70, P <0.001). CONCLUSIONS- 
These results suggest that in severe asthma, epithelial damage has the potential to 
contribute to neutrophilic inflammation through enhanced production of IL-8 via EGFR- 
dependenl mechanisms. 
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Abstract 

Lung cancer is the most common cause of cancer death 
in developed countries. The prognosis is poor, with less than 
J5% of patients surviving 5 years after diagnosis. The poor 
prognosis is attributable to lack of efficient diagnostic meth- 
ods for early detection and Jack of successful treatment for 
metastatic disease. Most patients (>75%) present with stage 
1)1 or IV disease and are rarely curable with current ther- 
apies. Within the last decade, rapid advances in molecular 
biology, pathology, bronchology, and radiology have pro- 
vided a rational basis for improving outcome. These ad- 
vancements have led to a better documentation of morpho- 
logical changes in the bronchial epithelium before development 
of clinical evident invasive carcinomas. This has changed our 
concept of lung carcinogenesis and emphasized the multislep 
carcinogenesis approach on several levels. Combined with 
the technic.nl developments in bronchoscope techniques, 
e.g., laser-induced fluorescence endoscope (LIFE) bronchos- 
copy, we now have improved methods to localize preinvasive 
and early-invasive bronchial lesions. With the LIFE bron- 
choscope, a "new morphological entity (angiogenic squamous 
dysplasia) has been recognized, which might be an impor- 
tant biomarker and target for antiangio^enic chemoprcven- 
live agents. To reduce the mortality ol lung cancer, these 
new technologies have been taken into the clinic in different 
scientific settings. The use o( low- dose spiral computed to- 
mography in the screening ol a higlwisk population has 
demonstrated the possibility of diagnosing small peripheral 
tumors that are nut seen on conventional X-ray. A shift in 
the therapeutic paradigm from targeting advanced cJimcally 
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manifest lung cancer toward asymptomatic preinvasive and 
early- invasive cancer is occurring. The present article re- 
views the recent advances in the diagnosis of preinvasive and 
early-invasive cancer to identify biomarker s for early detec- 
tion of lung cancer and for chemopr even lion studies. 

Introduction 

Lung cancer is the most common cause of cancer deaths in 
the countries of North America and other developed countries, 
accounting for 29% of all cancer deaths and more deaths than 
from prostate, breast, and colorectal cancer combined in the 
United States (I). Lung cancer. will be diagnosed in —170,000 
new patients in the United Slates in the year 2000, and < 15% of 
them will survive 5 years after diagnosis (J). The prognosis for 
the patients with Jung cancer is strongly correlated to the stage 
of the disease at I he time of diagnosis. Whereas patients wiih 
clinical stage 1A disease have a 5 -year survival of about 60%, 
the clinical stage 11-IV disease 5-year survival rale ranges from 
40% to less than 5% (2). Over two- thirds of ibe patients have 
regional lymph- node involvement or distant disease at the time 
of presentation (3). The poor prognosis is largely attributable to 
the lack of effective early detection methods and the inability to 
cure metastatic disease. The unsatisfactory cure rales supports 
efforts aimed ai early identification and intervention in Jung 
cancer. 

Historically., the onjy diagnostic tests available for the 
deteclion of Jung cancer in its early stages were chest radiogra- 
phy and sputum cytology. The efficacy of these tests as mass 
screening tools was evaluated in controlled trials sponsored by 
the NCI 3 and conducted at Johns Hopkins University, Memorial 
Sloan-Kettering Cancel Ccntci, and the Mayo Clinic during the 
1970s (4-6). The principal goal of these studies was to deter- 
mine whether a reduction in Jung cancer mortality could be 
achieved by adding sputum cytology testing to annual screening 
by chest radiogiaphy. Results from these trials showed that both 
tests cuuld detect ptesympiomaiic, eaily- stage cntcinoma. par- 
ticularly ol squamous cell type. Keseclabiliry and survival rates 
weie found to be generally higher in the study groups than in the 
control groups. However, improvements in rcscciabiliiy and 
survival did not lead to a reduction in overall lung cancer 
mortality, the most critical end point. A subsequent study of 
6340 Czechoslovakia!! male smokeis also found no j eduction in 
June cancer mortality afrci dual screening by chest radiography 
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and sputum cytology (7). The negative results from these 
■ screening studies lead the NCI and other health policy and 
research groups to conclude that mass screening programs in- 
volving periodic sputum cytoiogical evaluation and chest radio- 
graphs could not be justified. However, controversies in the 
methodology and interpretation of the data from these studies 
have later been extensively discussed (8, 9). One additional 
study of annual chest X-ray screening is currently being con- 
ducted by the NCI; The Prostate-, Lung-, Colorectal-, and Ovar- 
ian (PL CO) screening trial. This trial includes individuals 55-74 
years old, but they are not selected for this trial on the basis of 
high risk for lung cancer (e.g., smoking history with >20 
pack- years). 

The failure of clinical trials to demonstrate the efficacy of 
sputum cytology and chest radiography as mass screening tools 
has resulted in a search for belter diagnostic approaches for 
early lung cancer detection Ih3t take advantage of recent devel- 
opments in molecular biology, gene technology, and radiology 
(JO). Furthermore, as has been the case for mammography 
screening for breast cancer, it has also been important to identify 
risk groups for hung cancer. 

Although, much is known about predisposing factors, nat- 
ural history, and the outcome based on histology and stage, our 
understanding remains very incomplete in many areas. What are . 
the early premalignant changes molecularly, biochemically, and 
■ morphologically? Which changes are reversible and which aie 
not? What research tools are available to provide answers to 
these questions? The identification of preinvasive lesions allows 
for developing promising methods for early intervention (1J). 
The therapeutic paradigm and focus arc today shifting from 
targeting only clinically verified lung cancer as previously to- 
ward targeting the premalignant and early- malignant lesions. 
Furthermore, the prospect of lung cancer screening has today 
become more meaningful as a consequence of recent develop- 
ments in biology and radiology and better possibilities to define 
high-risk populations most suitable for hmg cancer screenine 
(12). ^ 

The present aniclc will locus on the clinical perspectives of 
our biological knowledge of premalignant and early- malignant 
lesions and the potential of the recent technological advance- 
ment for early diagnosis of lung cancer. 

Pathology of Preinvasive and Early Invasive 
Bronchial Lesions 

Most of the efforts to classify lung cancer have been 
directed townrd invasive carcinoma (13). However, better un- 
derstanding of the pathogenesis of lung cancer aroused renewed 
interest in morphological abnormalities that fall short of inva- 
sive carcinoma but may indicate initiation of carcinogenesis. 
These morphological abnormalities are refened to as preinva- 
sive lesions and are shown ; n j-i^ j, 'f|, c edition of the 
WHO classification of hmg tuinois included the classification of 
preinvasive lesions as a separate section. "Numerous recent stud- 
ies have indicated thai lung cancer is not the result of a sudden 
transforming event in the bronchial epithelium but a mu hi step 
process in which pr initially act. in nig sequential gene tic and 
ccllulai changes lesujt in the formation of an invasive (:.~ . 
malignant) iiirmw Mucosal changes m ihr large airways dial 



may precede or accompany invasive squamous carcinoma in- 
clude hyperplasia, metaplasia, dysplasia, and'CIS (14); Hyper- 
plasia of the bronchial epithelium and squamous metaplasia 
have generally been considered reversible, and not premalignant 
. . in the sense of squamous dysplasia and CIS (J 5). 

Squamous metaplasia is a common finding, especially as a 
response to cigarette smoking. Peters et al { 1 6) studied bron- 
choscope biopsies from six sites in 106 heavy cigarette smok- 
ers; Squamous metaplasia was noted at one or more biopsy sites 
in approximately two- thirds of the group, and one- fourth 
showed squamous metaplasia in three or more biopsy sites. The 
incidence of squamous metaplasia increased with smoking his- 
tory and was highest in individuals who had smoked more than 
two packs of cigarettes a day. Auerbach et al (17) noted similar 
findings in autopsy tissues: basal cell hyperplasia and squamous 
metaplasia are increased in smokers in proportion to smoking 
history. Hyperplasia and metaplasia are believed to be reactive 
changes in the bronchial epithelium, as opposed to true preneo- 
plastic changes (17, 18). The reasons for this include: (a) they 
are frequently found in association with chronic inflammation, 
and may be induced by mechanical trauma; (b) they spontane- 
ously regress after smoking cessation; (c) in chronic smokers, 
the molecular changes present in these lesions are similar to 
those present in histologically normal epithelium; and (d) there 
are no reports linking their presence to increased risk for devel- 
oping lung cancer. In contrast, moderate-to-severe dysplasia and 
CJS lesions seldom regress after smoking cessation (19). 

Dysplasia and CIS are changes that frequently precede 
squamous. cell carcinoma of the lung. Saccomanno et al. (20) 
studied more than 50,000 samples from 6,000 men. many of 
whom had worked in the uranium mining industry. Both smok- 
ing and uranium mining (radon exposure) were found to be 
associated with increased incidence of dysplasia, CIS, and in- 
vasive cancer. The studies of Saccomanno et of. established that 
increasing degrees of sputum atypia may be recognized an 
average of 4-5 years before the development of frank lung 
carcinoma. 

Another question is: which grades of sputum atypia pro- 
gress, to cancer? Fiom the Johns Hopkins cohort of the NCI 
chest X-ray /sputum screening trial, we know that among indi- 
viduals with moderate atypia on sputum screening. — 10% de- 
veloped known cancer up to 9 years later. Among individuals 
with severe atypia on the sputum screening. >40% developed • 
known cancer during the same time period (21). Although there 
are data in the literature showing the relationship between 
sputum atypia and subsequent invasive cancer, there is still very - 
little information about the histological progression in the bron- 
chial mucosa in the high risk populations. In a recent publica- 
tion, nine patients with CIS were followed with antofluorcs- 
cence bronchoscopy at regular intervals, and 5 (56%) had 
progression to invasive cancer despite endobronchial therapy 
(22). "I he number of invasive cancers might even have been 
higher if treatment had not been not given. Ongoing snidics of 
high risk subjects (r,v.. the Colorado sputum cohort study) 
including serial follow-up bronchoscopies will provide evidence 
related to the frequency of development id" invasive Jung cancer 
as it relates: ro sim-king history . .-inflow obstruction, and sputum 
atypia 

Since i he previous WHO- classification was published in 




Fig. I A t squamous metaplasia. The 
cells arc widely dispersed, with a reg- 
ular maturation from the basal region 
lo ihe (op. There is keratinizafion, and 
the nucleiAryjoplasntic ratio is low. B, 
moderate dysplasia with ASD. Hypcr- 
cellulariry of the epithelium with in- 
complete maturation and nrcicropapil- 
lary invasion of capillaries are seen. 
The rtuclci/cyioplasmic ratio is high. 
C, severe dysplasia. There is marked 
pleomorphism of l he cells with irregu- 
larity and prominent nucleoli. 
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1981, two nonsquamous lesions have been added in tbe WHO 
classification of preraalignant lesions: atypical. alveolar hyper- 
plasia and diffuse idiopathic neuroendocrine cell hyperplasia 
(13). Both of these lesions are diagnosed rarely. The former 
consists of lesions <5 ram in diameter and composed of a 
peripheral epithelial cell proliferation with minimal cytological 
atypia or stromal response and resembles bronchioloalveolar 
carcinoid The lesion has been seen in rung specimens resected 
for lung cancer, but no prospective significance, of this lesion 
has been reported. However, this morphological lesion may play 
a role for the pathogenesis of peripheral lung adenocarcinomas 
(23, 24). The resolution of spiral CT (currently about 3 mm) 
approaches the diameter of these lesions, and it is anticipated 
that atypical alveolar hyperplasia will be increasingly encoun- 
tered in subjects undergoing this procedure (25). Diffuse idio- 
pathic neuroendocrine cell hyperplasia consists of a patchy 
increase in the number of well-differentiated neuroendocrine 
cells in the bronchioles. This process may result in the formation 
of small carcinoid tumors, and for this reason it is considered 
. "preinvasive." To date, small cell carcinomas have not been 
associated with this lesion (13). 

Recently, the use of fluorescence bronchoscopy (see be- 
low) has increased the recognition of dysplastic lesions in the 
large airways and a new morphological entity, ASD, was iden- 
tified (26). Dysplasia of bronchial epithelium in "micropapillo- 
matosis" and the possible link berween angiogenesis and prein- 
vasive bronchial epithelial dysplasia were recognized as early as 
1983 by Muller and Muller (27), who also described the ultra- 
structure of these lesions. Jt has been suggested that ibis angio- 
genesis, which is recognized as capillary loops projecting into 
the dysplastic bronchial lining, is responsible for the reduced 
fluorescence seen in dysplastic lesions by LIFE bronchoscopes 
(Figs. 1 and 3; Rcf. 26). Future piospective studies will show 
whether this morphological entiry is correlated with a progies- 
sion to lung cancer so as lo be a target for the use of anliangio- 
genic agents for chemoprcvention. 

In general, there are several questions/problems relating to 
prcmalignant lesions, which will be addressed in future studies: 
{a) The morphological criteria for premalignanl and earlv- 
malignanl changes, both on sputum cytology and in bronchial 
biopsies, have to be validated for intra- and in tor observer repro- 
ducibility. 

{b) Uniform and reproducible inoiphological/cylological 
criteria have to be published more extensively, and a rmininc set 
of slides should be available. By the use of Internet technology, 
this could be more easily facilitated I? 8). 

|c) 7hc correlation ol .sputum atypia and histological 
•changes in the bronchi in high- risk population is not well 
defined. 

id) The natural course of preinvasive changes in ihe bron- 
chi from ihe high risk subjects needs to be clarified through 
longitudinal, prospective snidies with reference to histological 
chances in the bronchi. Ongoing longitudinal studies w ith flu- 
orescence bronchoscopy and multiple biopsies with histology 
and other bioinrukrij will define the ability of these markets to 
assess for risk. 

(V) What is r be pMhologv^iologY of the small, often pe- 
ripherally located, tumors 0 mm m diameter), which ore mote 



often diagnosed with newer radiological techniques (e.g. f low- 
dose spiral CT)? 

if) Optimization of the tissue procurement and processing 
techniques are important. Distinction of reactive from neoplastic 
processes is usually straightforward, but diagnostic difficulties 
may arise in the case of (a) inadequate or poorly prepared 
histological material to evaluate and (b) the presence of cyto- 
logical atypia in epithelium stimulated by inflammation, viral 
infection, radiation, or chemotherapy. 

(g) DNA array analyses of gene expression: will it be 
useful? How to collect proper mRNA? Can mRNA extracted 
from microdissected cells obtained at bronchoscopy be globally 
amplified and still remain representative of RNA present in situ? 

Biology of Lung Carcinogenesis and Potential Early 
Detection Markers 

Lung cancer is the end-stage of multiple-step carcinogen- 
esis, in most cases driven by genetic and epigenetic damage 
caused by chronic exposure to tobacco carcinogens. The genetic 
instability in human cancers appears lo exist at two levels: at the 
chromosomal level, including large scale losses and gains; and 
at the nucleotide level including single or several base changes 
(29). Lung cance'rs harbor many numerical chromosomal abnor- 
malities (aneuploidy) and structural cytogenetic abnormalities 
including deletions and nonreciprocal translocations (30). At 
least three classes of cellular genes are involved: proto-onco- 
genes, TSGs, and DMA repair genes. Oncogenic activation often 
occurs via point mutations, gene amplification, or chromosomal 
rearrangement, whereas TSGs are classically inactivated by the 
loss of one parental allele combined with a point or small 
mutation or aberrant methylation of a target TSG in the remain- 
ing allele. Additionally, dysregulated gene expression {either 
increased or decreased expression) can occur by other, as yet 
unknown, mechanisms (30). Present studies have not yet con- 
firmed a prominent role for abnormalities of DNA repair genes 
in lung cancer. 

Preneoplastic cells contain several molecular genetic ab- 
normalities identical lo some of the abnormalities found in overt 
lung cancer cells (Fig. 7). These include allele loss at several 
loci (3p, 9p. Sp, and f?p), myc and ras up-regulatron, cyclin Dl 
overexpression, p53 mutations, and incieased immunoreactiv- 
iiy, be 1-2 overexpression and DNA aneuploidy (31-33). Allelo- 
typing of precisely microdissected. preneoplastic foci of cells 
suggests that the earliest changes in the bronchial epithelium is 
allele Joss at chromosome regions 3p, then 9p, Sp, I7p r 5q. and 
then kis mutations <36-39)/fhc biological meaning of LOH is 
only vaguely understood. Recent evidence suggests that LOH 
may be a consequence of 1 miotic recombination, that there is 
only infrequent physical loss of genetic loci, and that 1.011 
probably precedes chromosomal duplication (40). Allelic loss 
would thus be significant primarily m the presence of mutation 
in the retained allele, and gene dosage would not be expected to 
c.\en a phenotypic effect in LOH. Some repons have indicated 
that nis activation occms at early carcinoma stages (34). Mis- 
tulogieally normal bronchial epithelium adjacent to cancers has 
also been shown to have certain genetic losses. Atypical ade- 
nomatous hyperplasia, the potential precursor lesion ol adeno- 
carcinomas, often have Kwym mutations I'll). 
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Fig. 2 ScquentiDl changes during lung cancer pathogenesis. Although multiple genetic markers are abnormal in lung cancers, their appearance during 
the lengthy yn eneoplaslic process varies. The liming of the appearance of these changes has been investigated in bronchial prcneoplasia, because 
sequential sampling of the peripheral lung is technically difficult. Several alterations have been described in histologically normal bronchial epithelium 
of smokers. Other changes have been detected in slightly abnormal epithelium (hyperplasia, metaplasia) which we do not consider to be true 
prenwlignani lesions. These changes are regarded as early changes. Molecular changes delected frequently in dysplasia are regarded as intermediate 
in timing, whereas those usually detected at the CIS or invasive stages are regarded as lale changes. )t should be stresscd ihal although there is a usual 
order, exceptions icgaiding the timing of onset may occur. Some changes are progressive, such as chromosome 3p deletions. Thus small disciete 
changes are present eailv. progressively become more extensive during pathogenesis, and frequently involve all or almost all of the arm in CIS 
samples. Although allelic loss ai the TP53 locus may precede the onset of mutations, data on tbis sequence arc scant. Dysregulation of the RNA 
component of iclomerase (with its appearance in nonbasal cells), is an early event, whereas upregulation of the gene is a i datively lale event. 
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Molecular changes have been found not only in the Junes 
Ol patients with lung cancer, but also in the lungs of current and 
former smokers without lung cancel (IS. 42. 43). 'lhc.se obser- 
vations arc consistent with the multisiep model of carcinogen- 
esis and 'field cancer izat ion" process, whereby the whole region 
is repeatedly exposed to carcinogenic damage (tobacco smoke) 
and is at risk for developing multiple, separate, clonal I v umc- 
lated foci of neoplasia. 7 he widespread aneuploidy lliat neons 
throughout the respiratory ttee of smokers supports this theory 
{■1-1). However the presence of the same somatic p53 point 
mutation at widely dispersed preneoplastic lesions in a smoker 
without invasive lung cancer indicates mat expansion of a simile 
pr open i lor done may spread throughout ihe lespirntoiv nee 
(-J.M. These molecular alterations might thus he important 
targets loi use in the eatly detection of lung cancer and for use 
as surrogate biomarkers in the follow- np of cbemopievciition 



studies. Detection of these mutant cells sboujc! be possible with 
the different molecular techniques in accessible specimens. The 
prospects of diagnosing these biological abnormalities in mul- 
tiple types of clinical specimens ate discussed below. 

Specimens for Clinical Testing: Sputum 

Since the 1930s, etiological examination of sputum has 
been used for the diagnosis of lung cancer [At). Cytological 
examination of sputa, especially multiple samples, is helpful fot 
the detection of cenltal rumors arising from the latger bronchi 
squamous cell- 3ml small cell carcinomas). 1:.n foliated 
cells Ironi peripheral tumors, such as a denoc at cinemas, arisim: 
ftom the smaller airways (small bronchi, bionchioles. and alve- 
oli), especially those less than 7 cm in diametei. can be detected 
only occasionally in sputum samples This has become id 
pratei importance because the changes in cigar e lie o. position 
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(filters and decreased nicotine content) have created an increase 
in adenocarcinomas and a decrease in squamous carcinomas 
(47-49). The sensitivity of sputum cytology for early lung 
cancer is only in the 20%-30% range from screening studies, 
but by adhering to proper specimen collection, and processing 
and interpreting criteria, the yield can be substantially improved 
(50, 51). The data on the reliability of the sputum are conflicting 
(52-54). Browroan el al (52) reported interobserver agreement 
of 68% for exact and 82% for within - 1- category. HoIIiday et 
al (54) reported low agreement within observers (27-60%) and 
across observers (J 3-50%). Within - I - category inlraobserver 
agreement underwent a two- or 3-fold increase in agreement, 
which was also the case for interobserver agreement. The var- 
iation in intra- and interobserver agreement seems to depend on 
experience among the cytotechnicians/cytopathologists and (he 
composition of categories studied. A higher degree of agreement 
is obtained for higher grades of dysplasia (54). Risse el al (55) 
showed that the ability to detect premalignant conditions is 
dependent on the number and type of cells present in the deeper 
airways, suggesting a mode of improvement that is unrelated to 
observer reliability. MacDbugall et a}. (56) concluded that spu- 
tum cytology was too insensitive and insufficiently accurate to. 
be included in the routine work-up of any patient suspected of 
having lung cancer. To improve the reliability of sputum cytol- 
ogy examinations a simplification of the diagnostic categories 
from .6 (normal; squamous metaplasia; mild, moderate, and 
severe atypia; and carcinoma) to 2-3 categories have been 
proposed (54). Future clinicopathological studies will be re- 
quired to validate this concept. 

To' improve the sensitivity of sputum examination as a 
population-screening tool for the detection of early lung cancer, 
several approaches are currently under development. 

Imnnmostaming. Annua) sputum specimens obiained 
from individuals screened at Johns Hopkins were obtained, and 
the patients were monitored for 8 years (57). Because the 
clinical outcome of these patients was known, archival sputum 
specimens were screened for the presence of biomarkers that 
could indicate the presence of lung tumors in an early, preinva- 
sive stage. In an attempt to distinguish the pattern of marker 
expression Tockman et al (58) studied two monoclonal anti- 
bodies. Positive staining predicted subsequent Jung cancer ap- 
proximately 2 years' befoie clinical recognition ol the disease, 
with a sensitivity of £>!% and a specificity of 88% (58). Q n e of 
these antibodies (703 D4) had a higher sensitivity and was later 
identifred as recognizing hnRNP A2/B1 (59). The *oJe of 
hnRNP A2/B) ovcrexpiession for detecting preclinical lung 
cancer has been studied in a large high-risk population including 
6000 Chinese tin miners who were heavy smoke rs and who had 
an extraordinary rate of lung cancer (60). The results from. this 
study indicate.) that detection of hnRNP A2/BI over expression 
in sputum epithelium cells was 2- to 3- fold more sensitive for 
detection of lung cancer than siandaid chest X-ray and sputum 
cytology methods. The method uas particularly effective in 
identifying early disease (60). The sensitivity was 74% iw.w/j 
21% lor cytology and for chest X-ray. However, the 

btomatker had a lower specificity f7U%_, compared with cytol- 
ogy (100%) and chest radiograph (90%). An ongoing clinical 
trial is evaluating the performance ol the A 2.731 protein as a 
hiomaiker for the early detection ol :?PU" "I he patients at risk 



for SPLC have the highest incidence of lung cancer (2-5%) 
among asymptomatic populations (61). Jn this trial, 13 SPLCs 
were identified by A2flBl, and the sensitivity and specificity 
were 77-82%. and 65-81%, respectively. Among the cases 
identified as positive by immujiocylochemistry and image cy- 
tometry, 67% developed SPLC within 1 year (62). Whereas the 
previous immunocytochemistry studies on materiaJ from the 
older screening material from the NCI-supported screening 
studies were made on sputum cells cylologjcaJly classified with 
moderately or gravely atypical metaplastic appearance, the latter 
studies have been done on cytologically ."normal appearing" 
cells. More recently Sueoka et al (63) reported the confirmation 
of the value of overex press ion of hnRNP A2/BI to detect 
preclinical lung cancer in Japan. Efforts to improve the sensi- 
tivity of hnRNP markers are ongoing (64). 

PCR Techniques. PCR techniques have been used for 
the evaluation of molecular biomarkers for early Jung cancer 
detection. In a pilot study with selected patients from the Johns 
Hopkins Lung Project (JHLP), 8 (53%) of 15 patients with 
adenocarcinoma or large cell carcinoma were detected by mu- 
tations in sputum cells from 1 to 13 months before clinical 
diagnosis (65). However, the method seemed to be less sensitive 
than the protein marker described above, and the identification 
of specific gene abnormalities is further limited by the need to 
know the specific mutation sequence with which to probe the 
sputum specimens. Currently, this approach is not practical for 
screening undiagnosed individuals. Future advances in gene 
chip technology may permit testing for all possible mutations of 
common oncogenes and TSGs in clinical specimens of asymp- 
tomatic individuals (62). 

Microsatellite markers are small repeating DNA sequences 
found in the noncoding regions of a gene. PCR amplification of 
these repeat sequences provides a rapid method for assessment 
of LOH and facilitates the mapping of suppressor genes ('66, 
67). Microsatellite alterations are extension or deletions of these 
repealed elements. Detection of microsatellite alterations in 
histological or cytological specimens may facilitate the detec- 
tion of clonal preneoplastic or neoplastic cell populations. Al- 
though the detection of microsatellite alterations does not indi- 
cate the specific genetic change in the rumor,, detection of clonal 
eel! populations might serve as a cancer screening marker (65). 
Identical alterations have been found in lung cancers and cor- 
responding sputum samples demonstrating minimal atypia (68). 
Ihe pl6 gene is located on the short arm of chromosome 
9(9p21) and is frequently mutated or inactivated in rumors and 
cell lines derived from lung cancer (69. 70). BeJinsky et al. (71) 
measured hypcrmc thy )a lion of the CpG islands in the sputum of 
lung cancer patients and demonstrated n high correlation with 
early stages of non-small cell lung cancer, which indicated that 
p!6 CpG hypermcihylation could be useful in the prediction of 
furuie lung cancer. However, prospective studies are needed to 
evaluate the role of p!6 hypemieihvlaiii>n as a marker lor early 
lung cancer detection. Multiple other genes arc inactivated by 
hypermelhylalion in Jung cancer (72), and the detection of 
hypermcihylation may be useful for risk assessment and caily 
diagnosis. 

Computer -ass is ted Image An:ilysis. Computer- assisted 
image analysis was initially used to detect malignancy- associ- 
a led changes {eg., subvisital o, nom-boons changes in the 
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distribution of DNA in the nuclei of histologically normal cells 
in the vicinity of preinvasive or invasive cancer; 73). In a 
retrospective analysis of sputum cytology slides, malignancy- 
associated changes alone correctly identified 74% of the sub- 
jects who later developed squamous ceJI carcinoma (74). The 
technique has been improved, and recent data showed sensitiv- 
ities of 75% for stage 0/J lung cancer and 85% for adenocarci- 
nomas with a specificity of 90% (75). This quantitative micros- 
copy technique allows the examining of thousands of cells per 
slide within a relative short lime. Similar techniques have been 
approved in the United Stales for cervical cancer screening, and 
might, in the future, play a role for lung cancer screening. 
However, no prospective clinical studies has evaluated this 
technology in a larger lung cancer screening setting: 

High Tbroughpui Technology. With future advances in 
^ene chip technology, il might become feasible to probe for 
expression of multiple genes in sputum specimens of asymp- 
. lomaiic individuals. However, this requires a large amount of 
undegraded RNA from respiratory tract cells. With the high 
throughput technology, a higher sensitivity might be achieved 
by using multiple markers at the cost of achieving a lower 
specificity, which would be undesirable for a screening study. 

In conclusion, we need to reevaluate the role of sputum 
cytology for screening and early detection of lung cancer be- 
cause of advances in biomarkers and technology. Ongoing stud- 
ies with standard and biomnrker analysis in high-risk groups 
might change the previous negative attitude and provide a new 
perspective on spumm cytology as □ mass screening lool when 
applied in a high-risk population. Adding different molecular 
diagnostic tests gives the possibility for early diagnosis far in 
advance of clinical presentation. However, validation of the 
tests in larger prospective studies is necessary, and the individ- 
ual tests have to be compared with each other to define the role 
of early diagnosis in (he overall management of high-risk sub- 
jects. Furthermore, health economic issues have to be consid- 
ered. 

Specimens for Clinical Testing: BAL 

CAL involves the infusion and rcaspir3lion of a sterile 
, saline solution in distal scginenis of the lung via a fiberoptic 
bronchoscope. Ahiendt et of.. (76) examined a series of 50 
resected non.SCLC tumor patients and compared the rumor and 
DAL with regard to molecular markers including p53 mutations, 
K-ras mutation, the rncthylation status of the CpG island of the 
p!6 gene, and miciosnielliie alteration (Tables 1 and 2). With 
the possible exception of the tesi for microsatellite alteration, all 
of the tests had relatively high sensitivity and could detect 
mutant cells in I he picscncc of a large excess of normal cells. 
The frequencies of ihc.se changes in the rumors ranged from 
27% (for K-ras mutations) io 56% (for o53 mutations). As 
expected, p53 niu I a irons v. ere rnoic frequent in central (piedom- 
inantly squamous cell) tumors, and K-ras mutaiions were more 
frequent in peripheral (predominantly adenocarcinoma) tumors. 
The specificity was high (nearly 100%) because, with the ■ 
ccpiion of mirrosak-llrte .literal inns, the same genetic change in 
UAL sample as in minors uns always found, bul the sensiiiviiy 
was low, and in only 53'.' «. of imnois thai contained molecular 
lesions were the same abnoi malities delected in corresponding 
BAL fluid: Specifically, thr tests were least helpful in ihe 



group of patients in whom improved diagnostic abilities are 
most needed, those with small, peripherally located tumors (77). 
Unfortunately, the investigators were not able to compare the 
molecular tests with routine cytopathoIogicaJ analysts of the 
BAL specimens. The sensitivity of the molecular tests in BAL 
specimens has to be improved, and we need to know the results 
from subjects at increased risk (current and former smokers 
without lung cancer and survivors of previous cancer of the 
upper respiratory tract) and subjects with chronic lung diseases 
as well as results from healthy never smokers!. 

A European group has previously shown that generic al- 
terations detected in DNA from bronchial lavage of individuals 
with lung cancer were also found, in individuals with no evi- 
dence of malignant disease (78), which raises ihe question about 
the specificity of such molecular damage in neoplastic condi- 
tions. To improve the sensitivity and specificity of detecting 
allelic imbalance in lung tumors, high throughput PCR : based 
microsatellite assays have been established (79). In a recenl 
study by Fielding et al (80), the up- regulation of hnRNP A2/B1 
was found to be a promising marker in BAL for the detection of 
prem3lignant and malignant bronchial lesions with a diagnostic 
sensitivity of 96% and a specificity of 82%. 

It is too early yet to make conclusions as to whether BAL 
examinations will add to other pathological/molecular biologi- 
cal clinical studies. To obtain diagnostic material for BAL 
bronchoscopy is required, and we do not have any data thai 
compare BAL examinations with biopsies. Thus, we do not 
know whether BAL is a valuable adjunct to the biopsies taken . 
under (he same bronchoscopy procedure. 

Specimens for Clinical Testing: Peripheral Blood 

For many years scientists have searched for a lung cancer - 
specific rumor marker that could be delected in peripheral blood. 
Optimism was raised in the "early" immunocylochemisiry era 
by ihe use of monoclonal antibodies raised against more- or- less 
specific epilhelial epilopes. In (he search for epithelial cells in 
peripheral blood and bone marrow, monoclonal anybodies 
against cytokeratin have been used. However, these reactions 
are clearly not cancer- specific, and some antibodies have been 
shown io cross- react with normal blood or bone marrow ele- 
ments (81, 82). Anoiher explanation could be that cells from the 
macrophage/monocyte system may contain proteins derived 
from the primary rumor that have undergone . necrosis and 
apoptosis and that these processed proteins are recognized by 
ihe antibodies (S2). On Ihe basis of "traditional" immunncyto- 
cbemisiry. no markers have been able to detect premalignani or 
early- malignant disorders based on a peripheral biood sample. 
However, wiih the development of DNA technologies, new 
possibilities have been raised, and, with ihe use of PGR tech- 
niques, some promising reports have been published. 

Nanogram qua mi ties of DNA circulating in blood arc pres- 
ent in healthy individuals (S3, 8-1). Tumor DNA is also released 
into the plasma component in increased quantities |?5. !><•) 
Thus, die plasma and scrum of cancer patients is enriched in 
DNA. an average four limes lire amount of free DNA as r cm- 
pa red with normal controls 1 87). In a study bv Chen et a I. 
a comparison of microsatellite alterations in lumoi and plasma 
DNA was done in SOU? patients, and 93% of the patients -.viih 
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Table I Tissues and other resources for the study of molecular markers ... 


Specimen 


Ref. 


Comments 


Tumor 1 issue 


Numerous 
i 


Mixture of cell types, may require microdissection (139). Extensively used 
for roost, studies. Alcohol- fixed fine-needle aspirates may be used for 
mutational and other studies. 


Sputum 


65, 68, 71,74 


Respiratory cells usually in small minority. Most samples fixed in. 
"Saccomanno's fixative. Several studies have been performed on these 
specimens many years later. 


Surrogate organ 


140 


Predominantly squamous epithelial cells. Buccal smears; brushihgs of 
tongue or tonsil may be explored as potential surrogate organs resulting 
from the field effect of tobacco damage of the entire upper., 
aerodigestive tract. This concept needs to be confirmed. 


13 rone hi at brush/w3sh 


' 1JI \A~i \A~l 


Predominantly respiratory cells. Fresh, frozen, or alcohol* fixed samples are 
suitable for multiple studies including FISH." 


Bronchial tissues 


42, 43, 45, 144, 145 


Usually from bronchial biopsies, but may be obtained from surgical 
resection specimens. Formalin fixation and paraffin embedding required 
for histological diagnosis, although EASI preps may permit • 
identification and isolation of subpopulations. Paraffin sections may be 
used for genotyping polymorphisms,' for allelotyping, and for in situ 
hybridization. 


BAL fluids ' 


76, 78, 146, 147, 148 


BAL fluids are useful for examining ibe peripheral airway cells, which are 
the precursor cells of most adenocarcinomas. Numerous mononuclear 
cells present. Enrichment of epithelial cells desirable. 


Blood components 


72, 92, 149 


Analysis of circulating rumor cells and genetic materia) shed by dying 
tumor cells into the plasma component may yield useful biological and 
diagnostic information. Gene mutations and presence of epithelial cell 
markers have been used to detect circulating rumor cells. Gene 
mutations, allelic loss, microsatellite alterations, and aberrant 
methylation have been used to identify tumor cell 0NA released into 
the fluid compartment. 


Tissue for molecular singing 


150, 151 


Although Jit tic data exists for lung cancers, regional lymph nodes, sentinel 
lymph nodes, and surgical resection margins have been used in othei 
rumor types for molecular staging. 


7umor coll" lines 


152, 153 


Provide an unlimited self-replicating source of high-qualify molecular 
reagents and have been used for numerous studies. Cell lines may or 
may not reflect ihe properties of the litrnors from which ihey weie . 
derived (26). although they probably represent cellular subpopulations 
(27). Aggressive metastatic tumors are more likely to be successfully 
cultured (28) resulting in skewed data. 


Cultures of nonmallgnant tissues 


154. 155 


Epithelial cultures may be useful for studying molecular changes during 
multistage pathogenesis. Temporary as well as a few immortalized 
cultures from nonmalignant epithelial cells have been established. 
13-lymphoblastoid cultuies arc useful for linkage analysis, for genetic 
suspect ibrliry studies, and for allelotyping corresponding tumors. 


NonmaJignant tissue from patients 
and finrn cancer- free relatives 


156, )57. I5S 


Tissues such as buccal smears, rumor- free lymph nodes, and peripheral 
blood mononuclear cells arc useful as controls for linkage analysis, for 
genetic susceptibility studies, and fo? allcloryping corresponding tumors. 



"HSU, fluorescence in situ hybridization; EASI. rpiihWial aggregate separation and isolation. 



mictosaiclliie alterations in himor UNA also had modifications 
in the plasma ON A. However, some patients had LOH onlv in 
the rumoi ON A. Because most of the mrnosatcllite alterations 
were simitar in mm or ON A and plasma DNA. they concluded 
that some of the ONA circulating in the blood r nines. Item the 
rumor. Thus, modi ftcat ions of circulating DNA can he used as 
r:n early detection marker. Detection of a ben am ONA methyl- 
ation in scrum DNA in patients with non-.SG.C has been 
repotted 02). Although the number of patients was small and 
the hype i methylated DNA "was found in all staues. it opens up 
lor the possibility io be used as an early limj: cancel detection 
matter Further nioie. ;;>.? and ras erne mutations have been 



detected in the plasma and serum of patients with colorectal 
cancers (89-91). pancreatic carcinomas (9?. 93). and hemato- 
logical malignancies (94). 

In conclusion, the limited direct accessibility of lung car- 
cinomas has led to efforts to identify tumor- associated soluble 
markers in serum or plasma. Many of the currently recognized 
soluble markers were fust identified as "tumor matters but. 
when evaluated in nonneoplastic tissue, have often been found 
in norma) cells as well as in tumors. For early detection of lung 
cancer, we need more clinical data evaluating these new molec- 
ular biological markers horn multiple sites, especially in high- 
risk groups. 
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Table 2 Molecular approaches for lung cancer investigation 



Specimen 



Ref. 



Comment 



Gene. mutations 



AJIeloryping 



Gene expression al RNA 
and protein level 



159, 160, 1 61 



18, 158 



145 ; 162, 163, 164, 165, 166 



'Molecular cytogenetics 



Comparative genomic 
hybridization 

Morphomciric studies 



40, 167. 163, 169, 170 



171, 172 
74, )73: 



174 



Widely used technique, especially for p53 and ras genes: Often used 
lo determine the r6!e of a newly discovered gene in the 
pathogenesis of lung cancer. May be of diagnostic and prognostic 
significance. Multiple methodologies available. ... 

Useful as a partial substitute for mutational analysis and for 
determining the chromosomal locations of putative rumor 
suppressor genes. Widely used lo study multistage : pathogenesis. 
Readily performed on formalin- fixed. and roicrodissecled tissues. 
Increasing use of genotyping using automatic sequencers. 

Northern blotting and reverse transcription- PCR are widely used to 
investigate gene expression. Western blotting often used for. 
detection of protein expression. In situ hybridization for message 
expression can be performed on paraffin-embedded tissues and, 
thus, can be used to investigate multistage pathogenesis. 
Microarray techniques offer promise of examining all or most of 
the genome but currently require relatively large amount of high-, 
quality RNA from purified cell populations! Sage technique useful 
for investigation and identification "of expressed genes. Similarly, 
advances in proteomics will permit simultaneous detection of 
multiple proteins. Numerous immunohistochemical studies of 
. oncogene expression have been used to study multistage 
pathogenesis. Of particular interest, boRNP expression on 
exfoliated epithelial cells in sputum samples may predict for 
development of cancer. 

In situ hybridization studies of fixed materials or using smears has 
provided considerable information about numerical and structural 
changes. 

Useful for detection of gene amplifications. Less sensitive for the 
detection of regions of allelic loss. 

May be applied to paraffin-embedded tissues. Useful for determining 
aneuploidy and for measuring a number of nuclear and 
cytoplasmic parameters. . 



Specimens for Clinic at Testing: Bronchoscopy 

WEB is the most commonly used diagnostic tool for ob- 
taining a definite histological diagnosis of lung cancer. Bron- 
choscopy has majoi diagnostic limitations for premalignont le- 
sions. Because these lesions are only a few cells thick (0.2- J 
mm) and have a surface diameter of only a few millimeters, they 
lately are observed as visual abnormalities. WooJnei (95) re- 
ported that squamous cell CIS was visible to experienced bron- 
choscopisis in only 29% of cases. To address ihis limitation, 
fluorescence bronchoscopy was developed. Early studies of 
fiuoiesccncc bionchoscopy entailed the use of fluorescent drugs 
(hematoporphyrin dyes) that were preferentially retained in ma- 
lignant tissue (96). Although, studies evaluating this approach 
did. in fact, show that early invasive and in situ cancers could be 
localized, the detection of dysplasia remained problematic (97- 
100). Furthermore, the development of photodynnmic diagnos- 
tic systems was hampered by problems including skin photo- 
sensitizing and inter feience with tissue autofluorescence. To 
overcome these problems, a new laser photodynamic diagnostic 
system was developed iTOl). This system detected rumor- 
specific drug nnoicscL-nce at (>30 nm wavelength, which is far 
from normal tissue autolluoi cscemv I .M.'O ■->$() nm). and inter- 
ference bv antollunicsi'cnee hom nonn.il tissue should then 
have been eliminated, but i' remained a significant problem 
( 1 <£). 



Another approach was developed by Palcic et a!. (103), 
who noticed the lack of autofluotcscence in the rumor lesions by 
using blue light (442 nm) rather than white light lo illuminate 
the bronchial surface. They amplified the difference in auiofluo- 
rescencc between normal, prcmalignnnt, and tumor tissue foj 
clinical use (103.. 10-1). Using, a high-quality-charge coupled 
device and special algorithm, the LIFE was developed, taking 
advantage of the principle that dysplastic and malignant tissues 
reduce auiofluoicsceni signals compared with normal tissue 
(Fig. 3). 

Several studies have been performed comparing the diag- 
nostic specificity and sensitivity of LIFE bronchoscopy versus 
WEB in diagnosing preinvasive and early- invasive- lesions 
(1 05- 1 09; Table 3). Most of the studies reported a higher 
diagnostic sensitivity of LIFE bronchoscopy in the detection 
premalignant and early-malignant lesions at the cost of lower 
specificity {i.e., more false- positive result's). In most of these 
studies, lesions with moderate dysplasia or worse were the target 
of the study and tated as "positive." The prevalence of prein- 
vasive and early lung cancer varies widely from one study to 
.mother, from 20.:% (1 05) to 05.8% * 1 02). The explanation 
might be beyond the risk profile of genetic variations or differ- 
ent levels of experience among the endoscopists as well as the 
pathologists involved. Furthermore, there sccmr. to be a training 
effect in using the LIFE bronchoscope, which has been demon- 
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Fig. 3 A, normal WLB am) normal LITE bionchoscopy. B, WLB shows inflammatory changes in (he bronchia! mucosa bui no suspicion of 
■malignancy {left). LIFE bronchoscopy shows diffuse .educed aulofWrcsf ence (visualized by diffuse red- brownish c»lon:o;ion; arrow). Biopsy 
demonstrated diffuse severe dysplasia. ' 



slraied by Ycnmans tu ol. (107). In their study, the diagnostic 
sensitivitv inci cased from 67 to 80% when comparing the lust 
ond the second half of the study. The use of the LIFE device in 
conjunction with WLB improved the detection rate of preneo 
plastic lesions and CIS significantly li able 3). Kuiie a ni. (106) 
looked for mote subtle tissue transformation, but their stndv 
included few patients wjih moderate dysplasia oi worse. No 
impiovrmcnt in the evaluation of metaplasia inde* was ob- 
served by the use of LIFE bronchoscopy. Thus, differences in 
the study population might explain the diffeicnt conclusion. 
Thete aie still no clinical studies with sufficient long-term data 
showing tin i modetate dysplasia is the most relevant clinical 
ptedrctoi of even i»a I ma I tenancy. Limitations iii making con- 
ditions from the o.ist-ng studies ;ur also the potent i:d meth- 
odological hi as i da led to the oidei in which the diffeicnt bum- 
diosmpy procedures aie dene and whether the same examine; 
has performed borh piorrduies To address these issues, a 



prospective randomized study between LIFE bionchoscopy and 
WLB was done at the University of Colorado Cancel Center. 
The study design included a randomization with legard to the 
order of piocedme as well as the ordei of the individual bion- 
choscopist 1)0*)). The order of the piocedme and of the indi- 
vidual bronchoscopisl did not affect the results. 'I he study also 
demonstrated a significantly higher sensitivity in detecting pie- 
ma lip nan i lesions visualized by (he LIFE, but ai the cost of a 
lower specificity (J0«/>. The reason for the low diagnostic spec- 
ilicity found with the LIFE bronchoscopy in the diflcient studies 
might be attributable to the visualization ol moie abnormal foci 
with the FIFE bronchoscope, with the consequence that a largej 
number ol biopsies were taken and. thus, there was a higher risk 
ol nuue false-positive icsults. 'I he use of I. H E bn>ncht»Pcopv 
has led fo ihr identification of a new moipholoeical entity, the 
ASD. which is described above. | n a recent rnojphdog'cal study 
aniMcdysplasiic changes wcie fietpicmly found m pu nt oplashc 
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Fig. 4 Seventy-one- year-old man with a spicubr nodule m upper left 
lobe demonstrated on low- dose belies) CT {picture), bul not visible on 
chest X- radiography. CT- guided biopsy showed adenocarcinoma. 



and early-malignant lesions in the bronchi (26). The morpho- 
logical entity has been confirmed in preneoplasias among smok- 
ers, and the perspectives of this finding have been extensively 
' discussed (110). The prognostic significance of ihis morpholog- 
ical entity is currently studied in ongoing long-lerm follow-up 
studies. Future studies have to evaluate the role of ASD as □ 
biomarker for early lesions and whether it can be used as a 
marker for treatment effect or therapeutic target for chemopre- 
vention. 

The LIFE bronchoscope may play an important role in the 
screening and follow-up of subjects at high risk of developing 
lung cancer. At this" stage, however, it is unknown whether the 
LIFE bronchoscope will lead to a reduction in lung cancer 
mortality. There arc also no data on cosi-cffectiveness and 
cost-bcnefii analyses available for this new diagnostic proce- 
dure. The use of the LIFE bronchoscope may also in the future 
be extended to other indications, eg., patients singed as having 
resectable lung cancer on one side. Whether LIFE bronchoscopy 
of the contralateral lung will disclose abnormalities, which 
would change the therapeutic decision, is not yd reported. 

ftcccnl Advances in Rmliology 

The previous NO- sponsored screening trials failed to dem- 
onstrate any reduction in the lung cancer mortality by sputum 
cytology and yearly chest radiography as mass screening tools 
lor lung cancer scicening. Limitations of design and execution 
of the studies, however, have been discussed extensively (8 ; 
Ml. 112). An extended follow-up (median. 20.5 years) of the 
Mayo Lung Project was recently published (113) There was 
Still no difference in lung cancer mojfatitv between die inrei- 
vention arm and the control arm l ; M ivrvm 3.9 deaths per 1000 
person-years). However, the median survival lot patients wiib 
resected early-stage disease was lo 0 veais in the intervention 
arm witus 5.0 yeais in the usual-care :inn iF •' lt.05) '1 he Janet 
findings have raised the question .is to whether some small 
lesions with limited clinical relevance wav have been identified 
in the intervention arm. and the fjueslinn "owrtlbgnosis" was 
discussed in accompanying editorials till; 



Mass screening for lung cancer has been performed in 
Japan for many years and has been performed in over 500,000 
. people in about 80% of the local communities (1)5). Sobue el 
al. (116) observed that annual clinic-based chest X-ray screen- 
ing for lung cancer in Japan showed reduced Jung cancer mor- 
tality by about one- fourth among individuals who. underwent 
screening once a year. In this screening program, the relative 
odds ratio of dying from lung cancer within 12 months was 
0.535 and in the 12-24-monih period was 0:638 (117). How- 
ever, many studies have focused on the pitfalls in the detection 
of abnormalities by radiography (1 18-122). The limit of chest 
radiographic sensitivity for nodule detection is roughly I cm in 
diameter, by which time the tumor has over 10? cells and may 
already have violated bronchial epithelium and vascular epithe- 
lium. CT has been shown. to be more effective in the detection 
of peripheral rung lesions compared with plain radiography or 
conventional tomography of the whole lung (123, 124). 

Spiral CT scan is a relatively new technology with the 
ability to continuously acquire data resulting in a shorter scan- 
ning time, a lower radiation exposure, and improved diagnostic 
accuracy compared with those of plain radiography (125-127). 
Spiral CT allows the whole chest tbJje imaged in one or two 
breath-holds, reducing motion artifacts and eliminating respira- 
tory misregistration or missing nodules. Although there is 
greater radiation exposure with CT than with chest radiography, 
low- dose techniques (lower mA of 30-50 compared with 200 
for conventional CT) have achieved calculated exposure doses 
(hat are 17% that of conventional CT and 10 limes that of chest 
radiographs. Further reduction in radiation dose while maintain- 
ing diagnostic accuracy is a topic of current research. Further- 
more, for the baseline screening, low-dose spiral- CT- scan i.v. 
contrast is not administered. Nodules as small as 1-5 mm can be 
shown with modern spiral CT technology (25,. 128). The obvi- 
ous advantages with this new technology led some groups in 
Japan and in the United States to look to low-dose spiral CT as 
a tool for screening (Refs. 1 29-1 31: Tables 4 and 5). 

In a Japanese report, spiral CT scans and chest radiographs 
were done twice a year in 1369 individuals (129). Peripheral 
lung cancer was detected in 15 (0.3%) of 3457 examinations, 
and, among the 15 lung cancer cases detected, the results of 
chest X-ray were negative in 11(73%), and the tumors were 
detected only by low- dose spiral CT. The detection rates of 
low-dose spiral CT and chest X-iay were 0.43% (15 of 3457 
examinations) and 0.12% (4 of 3457 examinations), respec- 
tively. Furthermore, 14 (93%) of the )5 lung cancers were stage 
I disease. The histology showed that I I of the 15 lung cancer 
cases woe adenocarcinoma, and 4 had squamous cell carci- 
noma. The effective exposure dose with spiral CT scan in that 
study was caJculoted to about one- sixth tbai of conventional Cf. 

The ELCAP in New York was designed to determine: (n) 
the frequency with which nodules were de lee led; (b) the fre- 
quency with which detected nodules represent malignant dis- 
ease; and (r) the frequency with which malignant nodules are 
curable (131). In the EL CAP study. 71 lung cancers were found 
among 1 000 subjects srreened. Among the 27 patients with 
cancer. S5% had stage 1 di::ea;.e l i able .\). 

Another population- based study on low- Jose CI screening 
has been published by Sonc »*f nl. t!3(>). using a mobile low- 
dose spiral CT scanner The dtttction rate was 0.48% (re., 4-5 
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Table 3 Bronchoscopy versus WLB m diagnosing premaligriant and early-malignant lesions 



Sensitivity Specificity Predictive values 



Relative Relative PPV° NPV 

No. of LIFE+ , sensitivity LIFE+ specificity UFE+ LIFE+ PPV NPV PPV NPV 

A uthor biopsies WLB LIFE WLB LIFE 4- WLB WLB LIFE WLB LIFE-f WLB WLB WLB LIFE LIFE WLB WLB 

Lam « 0/(105) 700 0.67 NR 0.25 63(2.7/ 0.66 NR 0.90 NR 0.33 0.89 NR NR 039 0.83 

Kurie«fl/ fc (I06) 234 NR 0.38 NR NR NR 036 NR NR NR NR 0.16 0.81 NR NR 

Veiin»ns*«/.(I07) 139 NR 0.89 0.78 L43 NR 0.610.88 NR 0.20 NR 0.14.0.99 032 0.98 

Vemrulen^/.nOS) 172 0.93 NR 0.25 3.75 0.21 NR 0.87 NR 0.13 0.96 NR. NR 0.19 0.90 

Kennedy *;n/.(l09). 394 0.79 0.72 0.18 ' 4.4 0.3 0.43 0.78 0.38 0.21 0.85 0.25 0.87 .0.17 0.80 

* PPV, positive predictive value; NPV, negative predictive value; NR, not reported. 

* Based on reference pathologist. 

' If invasive carcinoma is included. 



Table 4 Results from three popul ation-based screening studies with low-dose spiral CT (LDCT) 

Detection rate % 

No. of individuals True False Predictive — ~ — Age incl. 

Authors studied positive n positive" % value % LDCT . X-ray Pack-yr yr 

Kanekoeiirf.029) 1369 . ~~ 15 ' 15^ 6^6 <mT 012 ^20 >50 

'Sone« fl /.(I30) 3967 19 5.0 8.8 0.46-O.5 >30* 40-74 

Henschke.7nM13l) 1000 27 20.) ,11.6 2.7 0.70 >W >60 

" Defined as individuals with "test-positive,,'* in whom further workup gave no suspicion of malignancy. 
* The study also included a group of nonsrnokets. 
f Average = 45 (not reported in the other studies). 



Table } Histology, stage, and size of primary lung cancel detected by low-dose spiral CT 



Author 


No. of cancels/ 
No. scieened 


Histology % 




TNM % 






Size (inrn) 




Adeno* Squam. Other 


1 


I) 111 


IV 


Average 


Range 


<I0 


J J-20 >21 


Kaneko.e/ al. (129) 


15/1369(1.1%) 


73 ' 17. 


93 


7 




12 


8-18 






Soi>e ei at. (130) 


19/5483 (03%) 


63 5 32 


84 




16 


17 


6-47 


4 


14 3 


'Mcnschke ei at. (131) 


27/1000(2.7%) 


67 3 30 


85 


4 11 








15 


8 1 



" Adcno, adenocarcinoma; Sfjuam,. squamous cell carcinoma; TNM, tumor- node -metastasis. 



cases per J 000 examinations). Surprisingly, there was no dif- 
ference in the detection rate among smokers (0.52%) versus 
nonsmokcrs (0.-16%). The results from the three population- 
based studies ate summarized in Tables 4 and 5. The conclusion 
from these studies is that 85% of the lung cancers deteclcd by 
low-dose CT woe in .Mage I, offering imptoved possibility for 
curative treatment and better prognosis in general. However, the 
issue of "false- positive" scans has to be taken into consideiation. 
Thus far. up to ?0% of the participants with nodules on the scan 
had no malignancy during the follow-up period. The possibility 
that the cancers found represent incidental cancers as in the 
Mayo Long Project must also be considered (IM). The results 
from these studies confirm the expectation thai low- dose CT 
increases the detection of small none ale i ft ed nodules and, that 
I imp cancer at an earlier and more curable stage are detected. 
The mobile CT screening study by Sone ei al (130) showed that 
low-dose C'l tncieascd the likelihood uf do tec lion of malignant 
disease 10 times u< compared will) radiogiaphy. The ovciall rate 
of ma lie nam disease was lowei m the Japanese studies ( 129. 
130) computed v, tih the I: LOW* Mudy iRef. 131; detection rates 
0.43-0.*1S% mur} ?.!%). This could be because the Japanese 
studies soeened individuals ftom the gencjal population ages 



40-74, whereas ELCAP screened people a I high risk, ages 5 60. 
with a tobacco history of al least 10 pack- yens. Thus, as 
expected, the risk of the population to be screened affects ihe 
rate of cancer detection. 

Questions remaining to be answered include: (o) what ate 
the diagnostic sensitivity and specificity of this piocedute: and 
{b) does screening reduce lung cancer mortality? The spiral CT 
has not been as sensitive for small central cancers as it is for 
small peripheral cancers (129, 131). Minute nodules of lung 
cancer that are near the threshold of.delectability may be over- 
looked ai spiral CT screening (132). A ptospective study of the 
diagnostic sensitivity of spiral CT has recently shown ihai the 
diagnostic sensitivity exceeded the sensitivity of conventional 
CT in previous reports (25). However, there were limitations in 
the de lection of intrapnlmonary nodules smaller than 6 mm and 
of pleural lesions. Compared with surgery (thoracotomy with 
palpal ion of deflated tuny, resection, and 'histology), the sensi- 
livity of spital CT was 60% for inirapulmonary nodule;, of < f * 
mm and 9>% for nodules of 5 6 mm and was 1 00% lot neo- 
plastic Unions 5o mm. Furihermore. ;i maikrd difference in the 
sensitivities of two independent observers was found fw nod- 
tiles smaller than 6 mm, whereas agreement was much betiei foi 
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6-10-mm nodules (25). Given these promising preliminary clin- 
ical results, further research is needed to determine the optimal 
technique for spiral CT screening, which includes colhmation, 
reconstruction interval, pitch, and viewing methods. Decreasing 
the slice thickness to 3 mm, monitoring the viewing of exami- 
nations, and computer-aided diagnosis have been used to im- 
prove the diagnostic capability of spiral CT in the detection of 
pulmonary nodules (133-136). 

Future large scale randomized studies have lo confirm 
whether in. fact spiral CT screening will lead to a reduction in 
lung cancer mortality. In a randomized study, the following 
questions arise: (a) what is the optima) high-risk group to study 
and what should be the control arm? (b) what should be the end 
points (goals) of the studies? The ultimate goal is to reduce the 
rung cancer mortality. However, although this is a long-term 
goal, intermediate end points from such studies should be eval- 
uated. The change to more curable stages at diagnosis for the 
lung cancer patients is one such immediate goal; (c) what is the 
optimal workup and the morbidity of ihis program? (d) what is 
the cost of such a screening program? and (e) what is the 
false- positive rate of (he screening findings? Incorporation of 
smoking cessation programs should be included in the future 
design of screening studies because it has been shown that 
screening with low- dose CT in participants who are still smok- 
ing provides substantial motivation for smoking cessation ( J 37). 

The siudies wilh spiral CT-scan have demonstrated the 
superior diagnostic ability in the deiection of small peripherally 
located tumors, most of the malignant ones of adenocarcinoma 
type of histology, the diagnostic sensitivity of spiral CT for 
more centrally located ntrnors fmostly squamous cell carci- 
noma) is significantly lower than for the peripherally located 
ones. Through these spiral CT studies, we will learn about the 
biology, pathology, and clinical course of these small tumors : 
which might be different from what we know about clinically 
more evident tumors detected routinely in previous studies. 

Because lung cancer is so common, the introduction of any 
new screening technique in this area has to be underpinned by 
careful definition of the cost implications and must be justified 
by compelling evidence. The cost- effectiveness of the spiral 
CT appioach should be assessed by evaluating the iaie of 
over-diagnosing nomnalignanl. relatively common abnormali- 
ties and comparing CT imagine to other diagnoslic technologies. 

PET' with FDG has recently emerged as a practical and 
useful imaging modality in the preoperative staging of patients 
with lung cancer. However, whereas CT is most frequently used 
to provide additional anatomical and morphological information 
about lesions, the J-DG PUT imaging provides physiological and 
metabolic information that characterizes lesions that are inde- 
terminate by CT. I : DG PI:T imagine lakes advantage of the 
increased accumulation of l : DG in Hansfonned cells and is 
sensitive (-95%) for the detection of rancer in patients who 
have indeterminate lesions on CT f 138). f be specificity (- S.*>%) 
of PHI imaging is slightly less than its sensitivity because some 
inflammatory pi oc esses avidly accumulate FDG. The high neg- 
ative predinivr value of PfiT suggests ih:ti lesions considered 
negrmve on the study are benign, biopsy is not needed. :>nd 
radiographic follow- up is ((-commended Several studies have 
documented the increased accuracy i>f I'f-'I compared with C'l 
in the evaluation cd the hilar and mediastinal lymph node Mams 



in patients with lung cancer (138). However, the PET resolution 
is sufficient only for nodules £6 cm and will not be helpful in 
detecting the very small nodules. Compared with low-dose 
spiral CT, the FDG PET scan is mote expensive and time 
consuming. The role of PET scan in early diagnosis of lung 
cancer in an asymptomatic high-risk population is not yel eval- 
uated. However, future studies have to include PET evaluation 
to define its role in a population screening setting. 

Conclusion 

Recent advances in molecular biology and pathology have 
led to a better understanding and documentation of morpholog- 
ical changes in the bronchial epithelium before development of 
clinical evident lung carcinomas. Combined wilh technical de- 
velopments in radiological and bronchoscopic techniques, these 
procedures offer great promise in diagnosing lung cancer, far in 
advance of clinical presentation. Any of these individual proce- 
dures could be incorporated into the routine management of 
individuals at risk for developing primary or secondary lung 
cancer, and for several of these methods, clinical studies are 
underway. Preliminary reported data are very promising for the 
early detection of lung cancer. Future studies must incorporate 
the different methods in a multidisciplinary scientific setting to 
evaluate the role of the individual method in the overall man- 
agement for individuals at high risk for developing lung cancer. 
Several of these tests might diagnose the disease. at the stage of 
clonal expansion before invasive carcinoma has developed. A 
management and intervention strategy appropriate to that stage 
of disease have to be developed. Preliminary studies of chemo- 
prcvention agents are reported, and new agents based on other 
biological mechanisms are under development and ready for 
clinical trials. It is now lime to plan clinical trials that evaluate 
both diagnostic and therapeutic approaches to access their im- 
pact on the incidence of clinical lung cancer. 
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moderate dysplasia) and 3 were sessile (1 with moderate and 2 
with focally severe dysplasia)). Samples from 16 colorectal ade- 
nocarcinomas (1 Dukes* stage A, 6 Dukes" stage B, 8 Dukes*. stage 
C and 1 Dukes' stage D), 1 villous adenoma and 1 malignant colon 
lymphoma were respectively collected during 1999-2000. These 
prospectively collected tissue specimens were dissected so that 
samples contained bom normal mucosa and tumor tissue and were 
obtained within 30 min following surgical bowel resection. The 
specimens were immediately fixed in 4% neutral buffered formalin 
for 20-24 hr and then paraffin embedded. The 14 archival samples 
had also been formalin fixed and paraffin embedded. " 

Generation of nonoverlapping TJMP-] cDNA fragments by PCR 
The full length TTMP-1 cDNA (GenBank NM 003254) cioned 
in pSP64 vector 29 was used as template to generate 2 nonoverlap- 
ping PGR fragments for in vitro transcription, and named f 104 (bp 
56-378) and fl 06 (bp 398-680). First, the whole insert (-780 bp) 



was cut out by digestion with H ind Ml and JfamHl ana punned 
after agarose gel electrophoresis using the Qiaex H gel extraction 
kit (Qiagen, Crawley, pnited Kingdom). To generate nonoverlap- 
ping antisense probes and the corresponding sense probe, 2 PCR 
fragments were generated using, upstream' primers flanked by a 
linker sequence containing an EcoRl restriction enzyme site (un- 
derlined nucleotides) and a T3 polymerase binding sequence 
(boldface) 5'-(ga^aattcattaaccctcactaaagggaga)-3' > and down- 
stream primers flanked by a linker sequence containing a j&unHI 
restriction enzyme site and a T7 polymerase binding sequence 
5'- (ggatcc taatocgactcactat2£Egag>3 / 9. The TTMP-1 specific up- 
. stream primers were 5'- acccaccatggccccctttg -3' for f 104 and 5'- 
(linker) - gcaggatggactcttgcaca -3' for fl06, and the downstream 
primers were 5'- linker- actcctcgctgcggttgtgg -3' for f!04 and 5' - 
(linker) - tatcrgggaccgcagggact -3' for f 106. PCR using the 2 fl 04 
primers or the 2 f 106 primers was done as previously described. 30 
The PCR products were purified by column chromatography 
using S-200HR micjospin columns (Amersham Pharmacia Bio- 
tech, Ina, Piscatway, NJ), and their size tested by agarose gel 
electrophoresis. Both migrated as —300 bp fragments in accor- 
dance with the predicted size (322 and 282 bp, respectively). An 
ABI PRISM 310 genetic analyzer was employed for DNA se- 
quencing analysis and was performed according to the manufac- 
turer's instructions (Perkin Elmer, Applied Biosystems, Foster. 
City, CA) usmg the primers specified above. The DNA sequences 
obtained were confirmed by comparison with the specific TlMP-1 
cDNA nucleic acid sequence (GenBank NM_003254). 

Plasmids containing human MMP-2 cDNA .(pCol720l , bp 647- 
1284) and human MMP-9 cDNA (pCol9202, bp 1751-2326) have 
been described elsewhere. 31 

In vitro transcription 

Anti sense and sense ribopTO,bes were labeled with ,5 S UTP 
(NEN, BostOD, MA) by in vitro iranscriplion using T7 and T3 
RNA polymerases. (Roche, Basel, Switzerland). The DNA tem- 
plate was digested with DNase (Proraega, Madison, Wl). Noriin- 
corporated 33 S UTP and DNA was removed by column chroma- 
tography using S-200HR microspin columns (Amersham 
Pharmacia Biotech, Inc., Piscaiway, NJ). The 35 S activity was 
adjusted for every probe by dilution to 500,000 cpm/uJ. 

In situ hybridization 

in situ hybridization was performed essentially as described 
previously. 32 hi brief, 3 pra paraffin sections were deparaf finized 
in xylene, hydrated with graded ethanol and boiled in a microwave 
oven for J0-12 min in 10 mM citrate buffer, pH 6.0. After 
additional 20 min ai room. temperature, the sections were dehy- 
drated will) graded etbanol and the * 5 $ labeled probes (2X 10 6 cpm 
in 20 uJ hybridization mixture 3 5 per slide) incubated overnight at 
55 °C in a humidified chamber. Sections were washed in Jlellen- 
dahl chambers with SSC buffers containing 0.1% SDS and 10 mM 
DTT at 150 rpm at 55°C using a Buhlcr incubation shaker (Jo- 
hanna Oho GmbH, Hechingen. Germany) for 10 min in 2XSSC, 



10 rnin in 0.5XSSC, and 10 min in 0.2XSSC Sections were then 
RNase A treated foT 10 min to remove nonspecificalry bound 
ribpprobe. Subsequent wash* was performed in 0.2XSSC as spec- 
ified above. Sections were dehydrated and soaked into an autora- ■ 
olographic emulsion (Dfoxd), exposed for 5-7 days if not otherwise 
stated and finally developed. Sections were count^tained witb 
: haematoxylin and eosin. 

Immwioperoxidase staining 

ImmurioMstochernistry was performed essentially, as described 
previously.^ Five micrometer paraffin sections were deparafr 
finized with Xylene and hydrated through ethanol/water dilutions. 
Tissue pretreatment was performed with protease-K (5 p-g/ml) 
digestion for 20 min. Sections Were blocked for endogenous per- 
oxidase activity by treatment with \% hydrogen peroxide for 
15 min. The sections were washed in 50 mM Tris 150 mM Nad, 
pH 7.6, containing 05% Triton X-100 (TBS-T). Incubation with 
-r-ar&^edSes-was^oneoyexrn^rt at 4°C. Sheep polyclonal antibodies 



(pAb) against TTMP^l and nonimmune goat IgG were used at a 
final concentration of 4jO ftg/ml. Two monoclonal antibodies 
(MAb) against TIMP-1 , 33 NM4 (clone rTIX6A, NeoMarkers\ Fre- 
moDt, CA) and CalB2 (clone 147-oDl 1, CalBiohem, Oncogene 
Res. Products, Cambridge, MA), and a JylAb against trinitro- 
phenyl (TOP) 3 * were all incubated at 1.0 p,g/ml (all 3 MAbs are 
IgGl). CalB2 MAb recognizes both free TIMP-1 and TTMP-1 
in complex with MMPs. 33 NM4 MAb only recognizes free 
TTMP-1. 33 According to the manufacturer's descriptions, both 
MAbs are raised using recombinant human TTMP-1. The- sheep 
. polyclonal antibodies were raised by immunization with TTMP-1 
purified from human dermal fibroblasts. The IgG was obtained by 
triple precipitation using ammonium-sulfate and characterized by 
immunodiffusion and rocket immunoelectrophoresis. 33 In addiy 
tion, we have shown that the pAb recognize both free and MMP- 
complexed TIMP-1- 36 Furthermore, the specificity of the antibod- 
ies was analyzed by Western blotting analysis against recombinant 
human TTMP-1 expressed in NSO mouse myeloma cells. Here, the 
antibody preparation recognizes a band of approximately 28 kDa 
in accordance- with the molecular weight of TTMP-1. To certify 
that the pAb recognize TTMP-1 in colon tumors, the antibodies 
were immobilized on a sepharose column. Total protein extracted 
from 3 colon adenocarcinomas was passed through the column 5 
times and the bound and subsequently eluted protein analyzed in a 
Western blot using a TTMP-1 monoclonal antibody (MAO 5). A 
- single band of approximately 28 kDa was revealed in accordance 
with the molecular weight of TTMP-1 (results not shown). In 
immunohistochemistry, the sbeep pAb were detected with biotin- 
ylated rabbit-anti-goat IgG, which" cross-react with sheep IgG 
(1:100, code E466, DakoCytomation} followed by horseradish 
peroxidase in complex with sireptavidin (code K377, DakoCyto- 
mation). The MAbs were delected with the Envision- mouse re- 
agent (En Vision reagent, K4003, DakoCytomation), followed by 
tyramine amplification, using biotinyl tyraroine substrate as-spec- 
ified by the manufacturer (Nen, Boston^ MA). Sections were - 
developed with NoyaRed substrate as specified by the manufac- 
turer (Vector Laboratories, Burlingname, CA) for 15 min. Finally, 
sections were counterstained in Mayers haematoxyliri, dehydrated 
in ethanol and mounted. 

' Combined in situ hybridization and immunohistochemistry 

Double labeling by combining i;i situ hybridization and unrou- 
nohistochemistry on paraffin sections has been described previ- 
ously. 32 In brief, using MAb against o-sm-actin (clone 1A4) 
diluted 1:1000. against cytokeratin (clone AE1/AE3) diluted 
1:1000, or against CD68 (clone PGM1) diluted 1:200, sections 
were incubated for 2 hours at room temperature and then delected 
with ant i- mouse- IgG/horse radish peroxidase-conjugated polymers 
(Envision- mouse reagent, DakoCytomation, Glostrup.. Denmark). 
Sections were developed with diaminobenzidine (DAB) for 
7-10 min, and immediately dehydrated for in sim hybridization, 
which was performed as described above using the antisense 
probes of flO-i. Sections weie counterstained with hacrnaioxyhn. 
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Results 

Analysis of TIMP-). probes and antibodies for in situ 
hybridization and immunohistochemistry 

.Histopathologic:*] diagnosis of prospectively collected speci- 
mens from 18 colorectal lesions revealed 16 colorectal adenocar- 
cinomas, 1 villous adenoma and ] malignant lymphoma. ^S- 
labeled anbsense and sense RNA probes were generated by in vitro 
' ™^ PU ™? m 2 ncmovcr,a PPing »NA sequences of the human. 
HMP-1 cDNA and tested by in situ hybridization on adjacent 
secboqs from 5 of the colorectal adenocarcinomas. The 2 anrisense 
probes showed ah identical hybridization pattern in all the 5 cases 
located m the stromal compartment surrounding die invading 
cancer cells, while no specific signal was seen with the 2 sense 
probes (Kg. 1). To test whether the TDvIP-l imRNA was accom- 
panied by TIMP-1 protein expression, iinrounobkochejjustry was 
performed on 8 of the adenocarcinomas (including the 5 men- 
tioned abo ve ) and the malignant lymp homa usin g sheep anti- 
numa^ iiMiq polyclonal ^nti bodies^ "sections adjacent to 
lAMF-i m situ hybridized Sections. The BMP-l mRNA and 
irnmunoreacdyity was observed in the same cells in all of the 9 
w'VJSS » °T ^>> Chiding malignant lymphoma. The 
anti-TIMP-1 polyclonal antibodies did not react with other cell 
populations in all of 8 adenocarcinomas and the malignant lym- 
phoma apart from some normal and malignant epithelial cells that 
were wealcly stained on the luminal apical surface. Two MAbs 
against T1MP-] (CalB2 and NM4) required strong signal amplm* 
canon but showed a staining partem similar to that of the poly- 
clonal ^»^y Preparation (Fig. 2B), with the only exception drat 
neither of the 2 MAbs stained the luminal apical surface d the 
normal and malignant epithelium: No signal was obtained with 
r^rnmnne goat serum or a MAb (of same subclass as Calb2 and • 
NM4) directed against the synthetic hapten trinitropheny] (TNP). 
T1MP-J mRNA expression patterns in colon cancer 

Expression of 7TMP-1 mRNA was then analyzed in the remain- 
ing 9 colorectal lesions by in situ hybridization. TTMP-1 mRNA 



expression was m all the cases of colon adenocarcinoma (includino 
those mentioned above) highly expressed in stromal fibroblast^]*: 
cells located at the invasive front (Hg. 3a,<0- TIMP-1 mRNA 
signal was also observed in fibroblasMike cells located in «C 
tumor stroma towards the colonic lumen in 8_of 10 cases whem 

rcd m Pan of the carcinomas. 

t,vt 6 colorectal adenocarcinomas, we observed TTMP l 

mRNA signal , in some fibroblast-like cells located around the ' 
rnuscle layer, of some arteries located in the submucosa distant 
from the cancer area. The normal colonic mucosa, including the 
lamina propria that. was presentin all samples tested, was gene^allv 
negative (Fig. 3M- Only actively weak TIMP-1 mRNA signal 
was detected in stromal fibroblast-like cells surrounding one w a 
very few normal crypts (Fig. 3c, f) in 3 out of 6 cases tested with 
extended exposure time (10 days vs. usually 5 days). In the villous 

^Si!!!^^ 1 ^ 2 fGW TmP ^ mK ^ A J***'^ cells asso- 
w -teJ wrth^^rjrflarrmi^on (data hot shown). In the malignant 
lymphoma of the color^ TIMP-1 mRNA expressing fibroblast 
cells were, different from the adenocarcinomas, located in a dif- 
fuse pattern throughout the whole tumor. No. TIMP-1 mRNA 
signal was observed in any of the 18 cases in the cancer cells, 
smooth muscle cells or vascular cells. - . 




cJj Z \Z " l' m h i' bndi2ati on with 2 nonoverlappiuo TmP-] 
spec fic p,obes m human colon cancer. Three adjacen. sec ions from I 
colon adenocarcinoma were incuba.ed with 2 nonoveriar^Tn^"s 
labeled ^msense probes for TIMP-1 mRNA (006 ^ ^ J) 
and a orrespon^g T1MP- j sense probe, ,06 (c). The I sZ hy 

hvhH~Hi^ ! f P ? beS Sh0W same hybridization paiicm and the 
hybntanon signal , s seen in ,he same cells (arrows in a t and d) 

St) Mmound rt V ? m ^ m ™ SU 0ma (Seated by 

TIM? iZ ^ Avh ;" V3S1Ve C ' Jacu cdh ^ ^ «e devoid of 



Characterization of 77MP-] njRNA expressing cells 

r<Iw£ T^^J™*' 1 mRNA P° Sitive ^"blast-like cells . 
could be (myo)fibroblasts and/or macrophages, sections from 4 
colorectal adenocarcinomas and the malignant lymphoma were 
first- immuDohistochemicaJJy stained with • antibodies directed 

r>^^rt X ^°J^ tCCti0n of Wofibroblast/smooth muscle 
cells SMC)] or CD68 (for detection of macrophages) and subse- 
quently incubated with a TTMP-I mRNA antiseVe probe h> 
normal co on bssue, a-sm-actin is expressed by vascular smooth 
muscle cells, smooth muscle .cells of lamina muscularis mucosae 
and tunica muscularis as well as pericryptal myofibroblasts " In 
colon mmors a-sm-actin is expressed by tumor-associated iibro- 
blast-bke cells located throughput the tumor stoma, which are 
defined as myofibroblasts. No TIMP-1 mRNA was detected in any 
c^sm-actin positive smooth muscle cells, . including those of the 
vessels, the lamina muscularis mucosae and the tunica muscularis. 
In addition, no T1MP-3 mRNA was detected in the a-sm-actin 
positive pencryptal myofibroblasts of the lamina propria m any of . 
the 5 lesions. T1MP-J mRNA signal was. in contrast seen in 
a-sm-actrn-posiuve tumor associated myofibroblasts located at the 
invasive front of the colon cancers. In 3 of the adenocarcinomas, 
more than 80% of TIMP-1 mRNA-positive cells located close to 
^>^ D ? 1% CaDCCr CeJls were «-S">-actin-positive (Fig. 4). 
TTMP-1 rnRJ^A positive fibioblasMike cells located more distant 
from the invasive cancer cells, towards the submucosa, expressed 
inje or no a-sm-aclin. In 1 adenocarcinoma and in the malignant 
lymphoma approximately 50% of the TJMPl mRNA positive cells- 
expressed a-sm-actin. Thus, the TIMP-] mRNA expressing cells 
cojjstiruze a subpopularion of tumoj-associared myofibroblasts lo- 
cated at the invasive front of the tumor. No TIMP-1 mRNA signal 
could be identified in any of the OD68-posirive cells (Fig. 4). 

Expression of T1MP-) and MMP-2 and 9 in colon cancer 

MMP-2 and MMP-9 are 2 type IV co]] a o enases txpjessed )D tbe 

ZZT^ °T er ,iSSUe 0f co,0 ^ctaI adenocarcinomas. Thus 
MMP-2 has been repo. red to be expressed by fibroblast-like cells 
in the cancer stroma,'^, and Mjvl p. 9 by macrophages at 
leading edge of the invasive cancer.^ To directlv compare the ■ 
expression patterns of MMP-2 and MMP-9 with that of TIMP-1 
adjacent secnons from .5 colorectal adenocarcinomas were hybrid- 
ized wnh probes for TIMP-1, MMP-2 and MMP-9 niRNAs. We 
lound thai the expression of T1MP-] mRNA was localized char- 
actenshcaUy nt the invasive from of the yowins lumor, whereas 
rhc expression of MMP-2 mRNA was most intense in the central 
nteas^s/iowing decreased expression (ownrds die invasive from 
(Fig. Da). MMP-9 mRNA expressing cells 'were* found m (he 





Figure 2 -Jn situ hybridization and urimunohistochemistry fox TIMP-J in human colon cancer. (/I)" Two adjacent sections from a human colon 
adenocarcinoma were incubated with polyclonal antibodies against TJMP-I <o.c) arid a TIMP-1 mRNA antisense probe (b). The TIMP-1 " 
immunoreactivirv (red-brown color, arrows in a and c) and the TIMP-1 mRNA (silver grains, arrows in b) are identified in the same cells t^ 0 ^ 5 
in a,b). Immunoperoxidase staining with the TIMP-1 pAb' reveals the TIMP-J -positive cells as fibroblast- like cej)s (arrows in c) located in the 
stroma (St). No TIMP-1 immonoreaclivjty is seen in cancer cells (Ca). a.bi bars = 50 u.m; c: bars =13 pun. {&) Four consecutive ad Ja ce " 1 
sections were incubated with CalB2 MAb anti-TlMP-1 (o) t NM4 MAb {b\ sheep ami TIMP-1 pAb (c) or mouse ami TNP (d). The 3 MAbs 
were delected with Envision reagent followed by TS amplification and the sheep pAb with biotinylated rabbit anti-goat followed by 
HRP-conjugaied slreptavidin (see Material and methods). The 3 TIMP-1 antibodies react with the same cells (arrows). No immunoreactmry is 
seen when the sections are incubated with anti-TNP. " 1 



invasive front like those expressing TJMP-3 mRNA but with a 
distinctly different distribution. Foci with high expression of 
TIMP-1 mRNA were not accompanied with increased expression 
of MMP-9 mRNA and vice-versa (Fig. 5b). Thus, T1MP-J mRNA 
expression is not core gu toted with MMP-2 or MMP-9 mRNA 
expression. 

TIMP-J in adenomas and Dukes' stage A carcinomas 

TIMP-1 antigen can reudily_bc measured in blood and we have 
previously reported that levels of T1MP- 1 in blood are significantly 



elevated in colorectal cancer patients compared to healthy donors 
and thai high plasma TIMP-1 levels are associated with short 
survival of colorectal cancer patients. 21 r ' 6 TIMP-1 has therefore 
been suggested to be a novel marker for detection of eariy stage 
colorectal car.cer and for prognostic stratification of colorectal 
cancer patients.-' 39 These findings, together with the characteristic 
expression pattern of TIMP-1 at the invasive front of virtually all 
the colon cancers and die absence or minute TJMP-1 expression m 
normal and benign colon jmucosa. prompted the evaluation of 
TIM PI expression as a marker for early invasive colon cancer. 
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™m mRNA ^rj^rffi^r* in » No,e ^ s ™ * 
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■he invn™r^l, "f^ A «P' CSS '°'> » myofibroblast loca.ed a. 
.nteface m 2 of .he cases and will, a„eries in .he submueos. in ) 
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Figure 5 - Jn situ hybridization for TIMP- 1 , MMPt2 and MMP-9 in 
human colon cancer. {A) Adjacent sections were incubated with probes 
specific for TIMP-1 mRNA {a,c) and MMP-2 mRNA {b r d) y respec- 
tively, and is shown in brigbtfield {a.b) and darkficld illumination 
(c.d). The TTMP-1 mRNA signal increases towards the submucosa 
(Sm) whereas the MMP-2 mRNA signal decreases and is most intense 
in the central areas (Ca). (£) Adjacent sections were incubated with 
probes specific for TIMP-1 mRNA ip.c) and MMP-9 mRNA (b,d), 
respectively, and is here shown in bright field io r b) and darkfield 
illumination [c,d). Both the TIMP-1 mRNA' signal and the MMP-9 
mRNA signal are most intense at the invasive fiont towards the 
submucosa (Sm), bur their expression patterns are quite different, wiih 
MMP-9 showing the most restricted expression. Bars = 100 u.m. 

cDNA fragments and specific pAb and MAbs against human 
TIMP-1. The TIMP-1 mRNA signal in all colorectal adenocarci- 
nomas investigated was seen in fibroblast-! ike cells located in the 
tumor periphery. An identical hybridization partem was observed 
with the 2 antisense TIMP-1 probers and application of comple- 
mentary sense probes on neighboring tissue sections as negative 
controls did not result -in any hybridization signal; therefore, we 
conclude that the hybridization signal generated with the antisense 
probes represents the genuine TIMP- 1 mRNA. TIMP- 1 immnno 
reactivity was also distinctly located in fibroblast-! ike stroma) cells 
m_the_ tumor periphery, and these cells were identified to be the 
"same cells as the TIMP- 1 mRNA expressing cells. A pieparaiion 



of sheep pAb against human TIMP^l 35 and 2 well-characterized 
MAbs stained the very same cells in the tumor stroma.. Weak 
staining of the apical surface of some normal and- malignant 
epithelial cells was observed with the pAb in some of the samples: . 
No staining was obtained when the ; anri-TIMP : l antibodies were 
substituted with nonimmune goat serum or anti-TNP MAb infcu^ 
bated at the same concentrations. These irrimmiob*stochernical 
findings strongly suggest that the TIMP-1 antigen detected in the 
fibroblast-like cells represents the genuine TTMP-1 protein. 

In our study, we found TTMP-1 mRNA expression in stromal 
fibroblast-like cells located in the tumor periphery in all colorectal 
adenocarcinomas tested, whereas no expression was detected in. 
the. cancer ceils in any -of the cases tested/ This finding is in 
agreement with studies by Zeng and colleagues > ,wo but is partly m 
disagreement with findings by Newell anu* colleagues. 37 In addi- 
tion to TIMP-1 mRNA signal in fibroblast-like cells in the tumor . 
peri p her y, Newe ll and colleagues 27 detected a weak TIMP-1 
mRNA signal in both benign and malignaft epithelial cells. 27 This 
observation was, however, based on the use of probes- from a 
. single TTMP-1 cDNA subclone and no additional controls : to verify 
the expression pattern. The difference between our results and 
those of Newell and colleagues may be explained by methodolog- 
ical differences, since the procedure employed, by Newell and 
colleagues was in several steps different from the one used in the 
present study* e.g., Newell and colleagues used 3 ^-labeled probes, 
whereas we used 35 s ^abeled pTobes. It is in this context notewor- 
thy that in order to look for a low expression level of TIMP-1 
mRNA, we performed in situ hybridization exr^eriments with pro- 
longed exposure time (10 days vs. usually 5 days) with both our 
TTMP-1 antisense probes and both TIMP-1 sense probes, but with 
this challenge we did not detect any TIMP-1 mRNA in any 
epithelial cells. It cannot be excluded though that the TIMP-1 
mRNA is expressed in epithelial cells below the detection limit of 
our in situ hybridization procedure. 

An interesting observation in our study was the characteristic 
intense TTMP-1 mRNA and protein expression in the tumor pe- 
riphery of all colon adenocarcinomas, while little or no expression 
was seen in the center of the carcinomas. Only in the colorectal 
lymphoma did we find TTMP-1 mRNA and protein expression in 
fibroblast-like cells located throughout the tumor tissue. The 
TTMP-1 expression pattern in the colon adenocarcinomas is in 
contrast to the expression pattern reported by Hewitt and col- 
leagues, 19 who found that the TTMP-1 staining in most colorectal 
adenocarcinomas was equally intense in fibroblasts throughout the 
tumors and that some of the cases even showed decreased TTMP-1 
signal intensity towards the tumor periphery- This difference may 
be explained by possible cross-reactivity of the polyclonal anti- 
bodies employed by Hewitt and colleagues or that Hewitt and 
colleagues employed cryostai sections, while we analyzed paraffin 
sections. * . 

The TTMP-1 expressing cells had a fibroblast-like morphology 
and using combined in situ hybridization for TTMP-1 mRNA and 
innnunohistochemistry for a-sm-actin, we found that many, gen- 
erally more than 50%, of the TTMP-1 mRNA positive cells coex- 
pressed a-sm-actin. According to the cellular morphology of the 
TTMP-1 expressing cells and their localization in the invasive 
front, we could conclude that die cells were myofibroblasts and not 
smooth muscle cells. 

The myofibroblast is a cell type present in the normal colon 
mucosa, that originally was described as a pericryptal fibro- 
blast 37 40 and later was identified with antibodies against ct-sm- 
actin. ?7 3n die lamina propria, the myofibroblasts form a continu- 
ous cell layer just below the intestinal epithelium. The pencryp 1 ™ 
myofibroblasts are phenotypically different from ihe neighboring 
quiescent interstitial fibroblasts that do not express markers ol 
smooth muscle cells 41 During early steps of colonic tumongenesis 
the number of myofibroblasts is significantly increased. 41 The 
TTMP-1 expressing myofibroblasts may be generated after activa- 
tion of die pericryptal myofibroblasts and/or the quiescent inter- 
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sbtial fibroblasts. Adegboyega and colleagues" hypothesized that 
ihe tumor-associaied myofibroblasts originate from the quiescent 
interstitial fibroblasts of the lamina propria, rather than from peri- 
cryptal myofibroblast or smooth muscle cells, which may help to 
explain why we found some of the TlMP-1 mRNA expressing 
fibroblast-like cells a-sm-actin-positive and some a,sm-actin-ne°- 
ative. ° 

Several MMPs including MMP-2. MMP-1I and MMP-14 are 
expressed by fibroblast-like cells in human colon cancer ".31.42-44 
some of which may indeed be myofibroblasts. The role of the <mvo-> 
fibroblasts in colon cancer progression is not known. Since TTMP-1 in 
human colon cancer appears only to be expressed by fibroblast-like 
cells most of which are myofibroblasts; and since high TIMP- 1 levels 
measured in blood or rumor extracts from colon cancer patients are 
strongly associated with a poor prognosis, 20 -' 1 it could be argued 
that the TIMP-1 expressing myofibroblasts play a tumor-promotm* 
roK Irmnunohistocbernica) localization, studies of proteins involved 
in ibe activation and regulation of (he efficient serine protease plas- 
minogen, including urokinase plasminogen activator (uPA) and iis 
specific inhibitor PA1-1 show that both are mainly expressed by 
myofibroblasts in human breast cancer.-*'* Hish levels of »PA and 
PAJ-J are strongly correlaied with poor prognosis in breast can- 
cel, ' supporting the assumption that the myofibroblast express a 
promoting role in cancer invasion. We recently reponed thai ihe 
predominant PAJ- 1 expressing cell in human colorectal cancer also is 
the myofibroblasts and earlier studies indicated that elevated levels 
of PAJ-I m colon cancer patients are associated with poor polio- 
sis.- J ogetner these findings indicate that myofibroblasts are strongly 
contnbuiing l0 the expiession of proteins involved in the reciilanW 
extracellular matrix degrading pioieases that facilitate cancer invasion- 
and metastasis. 

. A panicuiarly imcesting finding of the present study was the 
absence of TIMP- 1 mRNA in 4 of 7 adenomas, whereas in all of 
L u. eS S .'^ C A ca,cinomas ,he TIMP- 1 mRNA was exp.esscd in 
fibroblast- like ^ cells along the invasive from. In the 7 be„i c „ lesions 
m winch ti>c IIMP-i mRNA was seen in the adenomas-en the" 



TIMP-1 mRNA positive cells were confined to a single focus with 
locally increased inflammation related to the dysplastic epithelium. 
Evident disruption of the dysplastic epithelium was observed in the 
adenoma with most intense TIMP-1 mRNA signal. Intestinal in- 
flammation may be caused by disruption of the mucous epithelium 
that leads to focal leakage of mucinous colon material into the 
lamina propria. Increased intestinal permeability is a common 
deficiency in Crohn's disease and interestingly TIMP-1 mRNA 
was found in the intestinal granulation tissue of Crohn's disease* 0 
and is expressed by myofibroblasts isolated from Crohn's dis- 
eased Induction of TIMP-1 in myofibroblasts in a benisn or 
preinvasive tumor may also be a response to locally increased 
MMP activity or a response to the presence of a specific MMP in 
the local microenvironrnem. MMP-2 and MMP-9 mRNA expres- 
sion, however, did not appear to be coregulated with TUVlP-l 
mRNA expression in the colorectal adenocarcinomas. Specific 
MMPs may indeed be involved in the transition of noninvasive to 
invasive disease; in studies of preinvasive lesions (ductal carcino- 
mas in situ) of tine human breast we recently reported that MMP-13 - 
is specifically expressed in myofibroblasts associated with micro- 
invasive events.^ Future studies may clarify whether TIMP-1 
expression in colorectal adenomas is correlated with expiession of 
specific MMPs, cytokines and/or growth factors, such as TCF-fJl 
and TGF-3251, and whether TIMP- Lean be used as a histopaiho- 
logical marker for malignancy in colorectal tumors. 
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Neu oncogene expression in ovarian tutnors: a quantitative study. 
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Real-time quantitative RT-PCR of cyclin Dl niRNA in mantle cell 
lymphoma :. comparison with FISH and immunohistochemistty. 

HuiP, Howe JG , Crouch J, Nimmakavalu M Qumsiveh MB. TaUiniG Flvnn SD 
Smith BR . ■* — ' 

Department of Laboratory Medicine, Yale University School of Medicine 333 Cedar 
Street, P.O. Box 208035, New Haven, CT 06520-8035, USA.' ' 

Presence of the balanced translocation t(ll;l4)(ql3;q32) and the consequent 
overexpression of cyclin Dl found in mantle cell lymphoma (MCL) has been shown to be 
of .mportant diagnostic value. Although many molecular and immunohistochemical 
approaches have been applied to analyze cyclin Dl status, correlative studies to compare 
different.methods for the diagnosis of MCL are lacking. In this study, we examined 39 
archived paraffin specimens from patients diagnosed with a variety of 
lymphoproliferative diseases including nine cases meeting morphologic and 
immunophenotypic criteria for MCL by: (1) real-time quantitative RT-PCR to evaluate 
cyclin D 1 mRNA expression; (2) dual fluorescence in situ hybridization (FISH) to 
evaluate the t(l 1 ; 14) translocation in interphase nuclei; and (3) tissue array 
irnmunohistochemistry to evaluate the cyclin Dl protein level. Among the nine cases of 
possible MCL, seven cases showed overexpression of cyclin Dl mRNA (cyclin Dl 

Kr V rf CL) 311(1 ^ ° aSeS Sh ° Wed n ° Cyclin DImRNA increase ( c y c, «n Dl negative 
MCL-like"). In six of seven cyclin Dl positive cases, the t(l 1;14) translocation was 
demonstrated by FISH analysis; in one Case FISH was unsuccessful. Six of the seven 
cyclin Dl mRNA overexposing cases showed increased cyclin Dl protein on tissue 
array irnmunohistochemistry; one was technically suboptimal. Among the two cyclin Dl 
negative MCL-like cases, FISH confirmed the absence of the t(l 1; 14) translocation in ' 
both cases. All other lymphoproliferative diseases studied were found to have low or no 
cyclin Dl mRNA expression and were easily distinguishable from the cyclin Dl 
overexpressing MCLs by all three techniques. In addition, to confirming the need to 
assess cyclin Dl status, as well as, morphology and immunophenotyping to establish die 
diagnosis of MCL, this study demonstrates good correlation and comparability between 
measure of cyclin D 1 mRNA, the 1 1 ; 1 4 translocation and cyclin D 1 protein. 

Publication Types: 

• Evaluation Studies' 



PMID: 12952233 [PubMed - indexed for MEDLINE] 



448: Cancer Res. 1994 Jan 15;54(2):539-46. 



Related Articles, Links 



Elevation of topoisomerase I messenger RNA, protein, and catalytic 
activity m human tumors: demonstration of tumor-type specificity and 
implications for cancer chemotherapy. 

Husnin I, Mohler JT, , Seigler HF. Bcsterman JIVT 
. SSKSSSST^ 018X0 ReSearch Instote ' Research Triangle Fade, . 

Topoisomerase I has been identified as an intracellular target of camptothecin a plant 
alkaloid w.th anticancer activity. Various lines of evidence suggest that the sensitivity of 
cells to this drug is directly related to the topoisomerase I content. In humans, the levels 
of topoisomerase I have been shown to be elevated in colorectal tumors, compared to 
normal color, mucosa. The aim of our study was to determine whether (a) topoisomerase 
I levels are elevated in other solid tumors, (b) the elevated enzyme is catalytically active 
in these rumors, and (c) the increase in topoisomerase I levels in colorectal tumors is a 
result of increased transcription or translation. Topoisomerase I levels were quantitated in 
crude extracts from colorectal, prostate, and kidney tumors and their matched normal 
counterparts by Western blotting and by direct determination of catalytic activity and 
m l f vds were determined by Northern blotting. By Western blotting, colorectal 
tumors showed 5-35-fold increases in topoisomerase I levels, compared to their normal 
colon mucosa. In the case of prostate tumors, the increase was 2-10-fold, compared with 
benign hyperplastic prostate tissue from the same patients. However, no difference was 
observed in topoisomerase I levels in kidney rumors, compared to their normal 
counterparts. The catalytic activity of topoisomerase I was determined by a quantitative 
51V -transfer assay in crude homogenates, without isolating nuclei. Colorectal and 
prostate tumors exhibited 1 1-40- and 4-26-fold increases, respectively, in catalytic 
activity. However, kidney tumors did not show any alteration in catalytic activity 
compared to their normal matched samples. Thus, for all three tumor types there was a 
good correlation between enzyme levels and catalytic activity. Finally, colorectal rumors 
were analyzed for steady state mRNA levels. A 2-33-fold increase in mRNA levels was 
tound in colorectal tumors, compared to normal colon mucosa. These results suggest that 
alterations m topoisomerase I expression in humans are tumor type specific and that the 
increase in topoisomerase I levels results from either increased transcription of the 
topoisomerase I gene or increased mRNA stability, 
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Modulation of glucagon receptor expression and response in transfected 
uutqan embryonic kidney cells. 

Ikeganu T, Cypcss AM . Bouscarel B . 

Department of Medicine, George Washington University Medical Ceater, Washington 
Distnct of Columbia 20037, USA. . e ' 

The modulation of glucagon receptor (OR) expression and biological response was 
Z™ g t "!li uman ^^nic kidney cell (HEK-293) clones permanently expressing 

,nr ,T?, n n 5 denSlt,es - 1** GR "*NA expression level in these clones was 
upregu ated by cellular cAMP accumulation and presented a good correlation with both 
the protein expression level and the maximum number of glucagon binding sites 
However the determination of glucagon-induced cAMP accumulation in these cell lines 
revealed that the enhancement of receptor expression did not lead to a proportional 
increase in cAMP formation. Under these conditions, the maximum cAMP production 
induced by NaF and forskolin was not significantly different among selected clones 
regardless of the receptor expression level. -High receptor-expressing clones showed' the 
greatest susceptibility for agonist-induced desensitization compared with clones with 
lower GR expression levels. The results of the present study suggest that the GR can 
recruit non-GR-spec.fic desensitization mechanism(s). Furthermore, the partial inhibition 
or alteration of the overall cAMP synthesis pathway at the receptor level may be a 
necessary adaptive step for a cell in response to a massive increase in membrane receptor 
expression level. ^ 
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Developmental regulation of acidic fibroblast growth factor (aFGF) 
expression in bovine retina. 

Jacquemin E , JgnetL, OjjyerL, frugraK, LaurgntM, CourtgjsY, JeannyJC. 
Unite de Recherches Gerontologiques, U: 1 1 8 INSERM, Paris, France. 

Acidic fibroblast growth factor(aFGF) is a signalling molecule implicated in a wide 
variety of biological processes such as cell growth, differentiation and survival It has 
been purified from bovine retina: The present study was carried out to detect which cells 
in the bovine retina expressed aFGF at the different stages of embryonic and post-natal 
development. The specific aFGF mRNA and protein were detected by in situ 
hybridization employing riboprobes and immunocytochemistry using affinity purified 
polyclonal human recombinant aFGF antibodies respectively. No signal was detected by 
either technique until 4-5 months and then there was progressive expression of aFGF 
with terminal morphogenesis of the retina. By 8-9 months of embryonic development 
..nuclei of the 3 neuronal layers (ganglion cell layer, inner and outer nuclear layers) were 
all uniformly and intensely labeled. A slight labeling of the pigmented epithelium of the 
retina was also visible throughout development and maturation. These results showed a 
good correlation between message and protein expression in these cell types. In contrast 
glial cells in the nerve fiber layer and vascular endothelial cells displayed a nuclear 
lmmunostaining for. the protein in the absence of message. These data suggest that aFGF 
plays a role m the late steps of retinal differentiation by autocrine and paracrine 
mechanisms. 



PMID: 7507349 [PubMed - indexed for MEDLINE] 



152: Hematology. 2002 Mav.3SfSV10fii.7l Related Articles. Links 



!BU HIT SVAIifilf eStEK 
fX i,_„ 

'4fi? imerSctence 



the p21(Cipl) protein, a cyclin inhibitor, regulates the levels and the 
intracellular localization of CDC25A in mice regenerating Overs. 

JaimeM, PujoLMJ, ^ SerratogaJ, PgntojaC, Canela N, Casanovas O , Serrann 1VT . 
Agcll N. Backs O . ~ ~ = ' 

Department of Cell Biology and Pathology, faculty of Medicine, Institut d'Investigacions 
Biomediques August Pi Sunyer (IDIB APS), University of Barcelona, Barcelona, Spain. 

Liver cells from p21(Cipl-/-) mice subjected to partial hepatectomy (PH) progress into 
DNA synthesis faster than those from wild-type mice. These cells also show a premature 
induction of cyclin E/cyclin-dependent kinase (CDK) 2 activity. We studied the 
mechanisms whereby ceils lacking p21 (Cipl) showed a premature induction of this 
activity. Whereas the levels of CDK2, cyclin E, and p27(Kipl) were similar in both wild- 
type and p21(Cipl-/-).mice, those of the activator CDC25A were much higher in 
p2 1 (Cipl-/-) quiescent and regenerating livers than in wild-type animals. Moreover, 
p21(Cipl-/-) cells also showed a premature translocation of CDC25A from cytoplasm 
into the nucleus. The ectopic expression of p21(Cipl) into mice embryo fibroblasts from 
p21(Gipl-/-) mice decreased the levels of CDC25A and delayed its nuclear translocation 
-The levels of CDC25A messenger RNA in P 21(Cipl -/-) cells were higher than in wild- 
type cellSi suggesting that this increase might be responsible, at least in part, for the high 
levels of CDC25A protein in these cells. Thus, the results reported here indicate that 
p21(Cipl) regulates the levels and the intracellular localization of CDC25A! We also 
found a good correlation between CDC25A nuclear translocation and cyclin E/CDK2 
activation. In conclusion, premature translocation of CDC25A to the nucleus might be 
involved in the advanced induction of cyclin E/CDK2 activity and DNA replication in 
cells from animals lacking p21(Cipl). 
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Abstract 

To evaluate the involvement of frizzled receptors (Fzds) 
in oncogenesis, we investigated mRNA expression lev- 
els of several human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
(matched) normal tissue samples, using real-time quan- 
titative PCR. We observed that the mRNA level of Fzd5 
was markedly increased in S of 11 renal carcinoma sam- 
ples whilst Fzd8 mRNA was increased in 7 of 1 1 renal 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that F2d5 protein expres- 
sion in the matched tumor/normal kidney samples corre- 
lated with the observed mRNA level. Wnt/p-catenin sig- 
naling pathway activation was confirmed by the in- 
creased expression of a set of target genes. Using a kid- 
ney tumor tissue array, F2d5 protein expression was 
investigated in a broader panel of kidney tumor samples. 
Fzd5 membrane staining. was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cyclin D1 staining in the samples. Our data sug- 
gested that altered expression of certain members of the 
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Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation, of the Wnt 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as a biomarker. 

- - Copyright O 2004 S.Kirper AG,B»s*l 



Introduction 

The Writ signaling pathway is evolutionary conserved 
and controls many events during embryonic develop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell fale (I, 2 J. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3]. 

The Wnt signaling pathway is activated when Wnl pro- 
teins bind to a cell surface receptor complex consisting of 
a member of I he fmzled receptor (Fzd) family and either 
Jow-density-lipoprolein receptor- related protein (LRP)5 
or LRP6 [4, 5]. A detailed characterization of the Fzds, 
and ihe immediate downstream events after Wnt binding 
has been hampered by the lack of pure biologically active 
Wnts. 

Downstream of the receptor complex, three pathways 
may be initiated, depending on ihe composition of the 
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ligand and receplor complex. The 'Wm/j^catenin path- 
way\ the 'Writ/Co 2 * pathway' or the VVm polarity path- 
way' [6]. The Writ/p-caienin pathway has been linked to 
carcinogenesis. Genetic alterations in components of this 
pathway (adenomatous polyposis coli, APC, axin and P- 
catenin)can result in the accumulation of non-phosphory- 
lated p-catenin [3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca 3+ pathway nor the Wnt 
polarity pathway involves the activation of 0-catenin [for 
review, see re/1 1, 6). 

Mutations in one of the three regulatory genes (APC, 
p-catenin and axih), overeapression of Wnts and Fzds or 
the expression of a constitutively active Fzd have been 
. Jinked to Wnt/P-catenin pathway activation in various 
tumors [8, 9]. 

To evaluate the involvement of Fzds in oncogenesis, 
we investigated mRNA expression levels of several hu- 
man F2ds (Fzd2, 3, 5, 6, 7, 8 and 9) in more than 30 differ- 
ent human tumor samples using real-time quantitative 
PCR. Each sample was compared with its corresponding 
(matched) norma] tissue sample. The most striking obser- 
vation was the dramatically increased Fzd5 and Fzd8 
mKNA expression seen in the renal carcinoma samples. 
This was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed Fzd5 
membrane staining in 30% of clear cell carcinomas, with 
nuclear cyclin Dl showing a strong correlation with the 
Fzd5 membrane labeling. Fzd8 protein expression analy- 
sis was not performed due to the Jack of suitable reagents. 
These data suggest that Fzd5 may have a role in renal cell 
carcinogenesis due to its frequent overex pression obr 
served in these tumor samples. Potential fulure applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



Materials and Me J hods 

Tissite Samples 

Frozen lumor I issue samples wiih cor responding nor mat 1 issue 
from ihc same paiient were derived either from human biopsy, or 
autopsy materia! (Department of Pathology, University of Antwerp; 
kindly provided by Prof. E. Van Marck). Tissue specimens were 
snap-frozen in liquid nitrogen and kepi at - 30 *C unlit use. Fro2en 
sections of kidney tumor and normal tissue samples were stained 
with hcmatoaylin-eosin to suppon the pathologist's observations and 
to confirm the type of kidney lumor. Paraffin-embedded tissue slides 
or rcnsl carcinoma, lung carcinoma, breast and colon carcinoma 
were obiaincd. after encryption, from the Department of Pathology 
(Middrlheim Hospital. Antwerp. Belgium). The CLJ human kidney 
cancer (Super BioChips Laboratories) tissue array used in this study 
contained 59 tissue samples consisting of 9 normal kidney tissues. 



30 clear cell renal carcinoma samples and another 20 renal cell tumor 
types {chromophil* chromophobe, papillary type, collecting duel car- 
cinoma and samples with mixed types). 

RNA Isolation and Reverse Transcription 
Total RNA was extracted from tissue specimens using Ultraspec 
Reageni (Biotecx. USA) according to the manufacturer's instruc- 
tions. AJI total RNA was routinely treated with DNase (DNA-free kit, 
Ambion, USA). I ug of total RNA was used to synthesize cDNA 
using oligo-dT primers (Superscript; Invitrogen, Merelbeke, Bel- 
gium). Reverse transcription was performed at 42 *C for 60 min, fol- 
lowed by 70* C.for 1 0 m in. 

Real-Time PCR .. 

Real-lime PCR was performed on either an ABJ Prism 7700 or 
7900 Sequence detection system (Perkin-Bmer Applied Biosyslems, 
Foster City, Calif., USA) using the 5' nuclease assay (Taqman™V 
Primer and probe sequences were designed using Primer Ea press (PE 
Applied Biosyslems) and are shown in table I. Quantitative values, 
were obtained from the threshold cycle number (Cl) at which the 
increase in the signal associated with exponential growth of PCR 
products is delected using PE Biosyslems analysis software, accord- 
ing to the manufacturer's instructions. * > 

We have used the 2~ A ACl method to analyze the relative changes 
in gene expression of the different genes between tumor and corre- 
sponding normal i issue samples. We used the misochondrial ATP 
synthase 6 (ATPsy6) as the endogenous RNA control [10; Janssens et 
al., in prep.}, and each sample was normali2ed to its ATPsy6 content. 
The relative expression of the target gene was also normalized to the 
corresponding normal tissue sample (calibrator). Results, expressed . 
as the amount of target sample relative to ihe ATPsy6 gene and ihe 
calibrator, were determined as" follows, N = 2- ,aClM ' T> P k - ao«iibraroo 
where the ACl values of the sample and calibrator were determined 
by subtracting the average Ct value of the sample and the calibrator 
from the average Cl value of ihe ATPsy6 gene. Amplification was 
done essentially as described previously f I OJ. Briefly, 50 ul or reac- 
tion mixture containing I pi of efJNA template were amplified as 
follows; incubation at 50 *C for 2 min, denaiuration at 95 "C for 
1 0 min, and 50 cycles at 95 p C for .1 5 s and 60* C for r min. 

Membrane Preparation, Gel Electrophoresis and Jmmunoblotting 
Tissue samples were weighed, suspended al a 40 times dilution 
1= 40 volumes/original wet weight of tissue (v/w)) in 50 mM Tns- 
HCi bufTer, pH 7.4, and homogenized with an Ullra-Turrax homoge- 
nizes After cent rifugation for 10 min, 24,000*31 : 4*C, the pellet was 
washed three times by resuspension in the Tns-HCI bufTer followed . 
by centrifugal ion. The final membrane pellets were stored al -80"C 
in the Tris-HCI buffer at a concentration of 0.5-1 rog/ml. The Brad- 
ford protein assay (Pierce, Aalst, Belgium) was used for protein deter- 
mination. Proteins (50 ug} were separated by 89b SDS-PAGE and 
transferred to niuoccllulosc membranes. After primary and second- 
ary antibody incubation > the aniigervaritibody-peroxidase complex 
was detected by chemiluminescence (Pierce, Aalst, Belgium) accord- 
ing to the manufacturer's instructions. 

lmmunohistoehemhtry 

I mm unohistoc hern istry was performed on ia>iA/-thick cryosec- 
tions of unfixed tumor tissue and on 6-p;l/-t hick paraffin 'sections 
from renal tumor tissue fhed by formalin or by an alcohol-based fha- 
live. Adjacent tissue blocks from renal tumors were processed with 
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Table 1. Real-lime PCR primer and probe sequences 



Target cDNA Primer/probe sequences* 


Fragment 
position 6 


Accession 
No* 


FZD2 


(a) 5*-alcccgigcccEgc-3 ; 

(b) 5'-gialiigaic3tglagaccgtgaagic-3' 

(c) 5'-FAM-(acacgccgcgcatglcgc-TAMRA-3' 


1,548-1,613 


AB017364 

* 


FZD3 


(a) S'-teacgccagtgcatgggO* 

(b) 5'-ugicacciicaaUttBlicalcg-3' 

(c) 5*-FAM-C3tccccggaactctaaccatcatccntt-TAMRA-3' 


1,473-1547 


. AB039723 


F2D5 


(a) 5'-igccaaggicactlccgut-3' 

(b) 5Mctecaaglcgccgeg-3' 

(c\ 5'~FAM-erliralPPti>rlollwcrrY- TAMD A V 


2,143-2,204 


H5U43318 


FZJD6 


(a) 5'-ciagcaeccccaggtiaagagaa-3' 

(b) 5'-cccagagagicigg3gatggai-3' 

(0 5*-F AM-igiggi jaacclgcclcgccag-TAMRA-3' 


2,094-2,170 


AF072873 


FZD7 


(a) 5'-cctgiggaaaggcataacigtg-3' 

(b) 5*-aaccaacgggaaaccicaga-3' 

(c) 5 -FAM-aagcaactlt lataggcaaagcagCgcaa-TAMRA-3' 


2,687-2.762 


AB017365 


F208 


(a) 5'-igiggtcggigcictgctt-3* 

(b) 5'-cgttccalgtcgataaggaag-3' 

(c) 5'-FAM*ccaccitcgccaccgrcicca-TAMRA-V 


853-919 


ABP43703 


FZD9 


(a) 5'-ccccgggagci3cggac*3' r 

(b) 5 -la£icatgrgcaagacc3cgg-3' 

(c) S'-FAM-tPBCacffcaclorrartata^ppri-TA MP A V 


1,696-1,763 


HSU82I69 


ATPsy6 


(a) 5'-ggtgtaggtgigcciigiggi-3' 

(b) 5'-gggcgcagigai!aiaggctt-3' 

{c)5-FAM-3agigggc!agggcatlHtaarcit3gagcg-TAMRA-3' 


. 580-503 


AF36827I 


c-myc 


(a) 5'-accaccagcagcgaciclga-3' 

{b)5Mccagcngaaegtgaiccagacl-3' 

(c) S'-FAM-acetttigccaggagcctgecici-TAMRA-}' 


l.297 T 1,413 


HSMYCI 


Cyclin Dl 


(a) 5'-gaacctggccgcaalgac-3'- 

(b) 5'-cgcclciggcaitilgga-3' 

(c) 5'-FAM-ccgcacgailicartgaacacn-TAMRA-3' 


4,148-4,21!. 


AF5I1593 


PPAR5 


(a) S'-agcatcctcaccggcaaaO' 

(b) 5 -glctcg3tgicgigg3tcaca-3' 

(c) 5'-FAM<cagccacacggegcccl-TAMRA-3' 


932-990 


NM-006238 . 


3 (a) = Sense primer, (b) = antisense primer; (c) = probe, ' ■ 
b Fragment posiiions are given according lo the EMBUCenBank accession No. of cloned sequence. 
c EMBJUGcnBank accession No. of cloned sequence. 



formalin and with the alcohol-based fixative. Paraffin and cryosec- 
tions were mounted on poly-i-lysine or 3-aminopropylirietboxys>- 
lane-gelatin-coated slides. The 59 tissue samples on the CLI human 
renal cancer tissue array, slides were, all fixed with' formalin. and 
embedded in paraffin, and ihe sections were mourned on siJane- 
coattd slides (SuperBioChips Laboratories). In addition to renal car- 
cinoma tissue., sections from 10 formalin-fixed paraflin-em bedded 
lung carcinomas were stained for F2d5. Colon and breast tumors 



were used as positive controls for p-taienin and cyclin Dl immuno- 
slaining. 

The following primary antibodies were used; F2d5 (Upstate Bio- 
technology), 0-catenin (Zymed), cyclin Dl (Zymed). E^cadherin 
(Novaccstra) and cytokeratin 8 (Biogenex). Cryoscctions were fixed 
in 4% paraformaldehyde for 5 min; acetone for 5 min at -20 °C and 
70% elhanol for 5 min. Endogenous peroxidase, activity was 
quenched using 3% H;Oj. Paraffin sections of formalin- and alcohol- 
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Table 2. Fzd mRNA expression in tumor samples 



Sample* Tissue 



Tumor type 



.vfoid expression increase* 1 



FZD2 FZD3 FZD5 FZD6 F2D7 



FZD8 . F2P9 





kidney 


- adenocarcinoma 


0.17 


i mm 


kidney 


renal ceJJ carcinoma 


1.23 


1 jiio44 


kidney 


renal cell carcinoma 


0.31 


137146 


kidney 


renal celj carcinoma 


0.47 


1 J / J0*t 


kidney 


. renal cell carcinoma 


3.43 


,133408 


kidney 


renal cell carcinoma 


23.97 


139188* 


kidney 


renal cell carcinoma 


3.7 


135699- 


kidney 


renal cell carcinoma 


2.6 


139064 . 


kidney 


renal cell carcinoma 


5.16 


134585 


kidney 


renal cell carcinoma " 


1.47 


140279 


kidney 


.renal cell carcinoma 


733 


137252 


ovary 


carcinosarcoma * 


0.4 


138256 


ovary 


papillary carcinoma 


0.7 


146472' 


ovary 


serous papillary carcinoma - 


039 


145845 


colon 


adenocarcinoma , - 


3.45. 


146145 


colon 


adenocarcinoma . 


5.46 


146630 


colon 


adenocarcinoma 


4.01 


146633 


colon 


adenocarcinoma 


1.87 


147055 


colon 


adenocarcinoma 


0.66 



0.5 
336 
0.11 
0.45 
2.95 
0.98 
0.56 
0.36 
J. 82 
0.72 
18.17 



3.72 

836 

6.84 

3.16 

9.6 

6.39 

0.66 

4.83 

1.25 

1.38 

3.93 



2.13 

2.61 

1. 1 8 

2.23 

1.57 

2.48 

1.33. 

6.9 

2.36 

0.47 

6.05 



0.06 

1.3 

0.23 

0.73 

7.64 

5.05 

0.37 

0.34 

1.8 

0.09. 
6.41 



1.32 
8.21 
3J8 
4.42 
3.52 
16.72 
4.41 
2.54 
2.19 

o;$ 

4.65 



5.44 

2.8 

1.37" 



K53 
2.31 
2.85 

7.91 



339 
5.17 
3.29 



0.49 
1,22 
2.56 



0.44 
2.19 
1.34 



0.92 

o;4 

3.94 



0.54 • 

0.11 

0.67 



0.53 



0.59 



634 
433 
1-07 
.1.41 



0.58 

4.42 

0.3 

1.62 

J.0J 



1,22 
6.57 
1.16 
1.47 
1.33 



1.67 
336 
0.54 
0.51 
0.24 



U4 

6.08 
0.55 
2.07 
0.79 . 



1.99 
0.15 
0.12 

4.87 



142253 Jung adenocarcinoma. 

143036 lung adenocarcinoma 

.138938 . Jung adenocarcinoma 

133563 Jung adenocarcinoma 

144387 Jung adenocarcinoma 

137304 Jung acinary adenocarcinoma 

144546 lung epithelial carcinoma 

1 3762 1 lung epiihelial carcinoma 

145552 lung epithelial carcinoma 

143987 lesiis embryonal carcinoma 

137332 stomach leiomyoma 

139026 stroma gastrointestinal carcinoma 

136049 rectum adenocarcinoma 

140794 gallbladder a denosquaroous carcinoma 



0.67 
0.67 
0.93 
2.76 
12.85 
0.54 - 
0.1 
1.52 
1.09 



5.17 

1.24 

0.88 

1.23 

0.43 

9.15 

0.67 

2.19 



0.43 
2.63 
1.07 
0.31 
0.49 
1.65 
0.21 
.0.37 
0.16 



. 1.87 
1.13 
1.3 
1J4 
0.25 
1.25 
8.1 J 
2.26 
0,91 



0J> 

1.11 

1-73 

0.99 

2.73 

0.63 

0.27 

0.52 

L47 



0.59 
1.04 
0.38 
0.78 
0.54 
3.41 
0.97 
0.45 
0.13 



0.24 
1932 
66.1 
1.71 ■ 
0.J9 



0.6 
3.91 
331 
0.52 



19.43 
0.45 
0.03 
0.4 
0.93 



1.33 
J. 53 
6.67 
0.54 
3.02 



23.12 
18.98 
8.44 
0.29 
0.2 



2.43 
32.82 
2.28 . 
0.88 



0.41 
9.19 
0.76 
4.97 

2.64 
IJ2 
1.06 
0.5 



0.33 
16.7 
20.82 

02% 



• Sample identification numbers were given by the pathologist. 

Results are expressed as x-lbld increase of the gene in the tumor tissue sample compared to its matched normal tissue sample after 
normalmng both samples on the basis of their ATPsy6 content. A cutoJT of 3-fold was used to define differential expression. Significant 
(> 3-fold) increases in the expression level of the Fzd receptor are shown in italics. - = Ex pression of the targei gene undetectable in one or both 
samples {tumor and/or normal). 



fixed tissue were processed with a irypsin<itrate-microwave pre- 
treatment or with an H>TA- microwave preueaimenl to unmask epi- 
topes, respectively. Sections were then sequentially processed with 
primary antibodies, biplinyfcird secondary antibodies and slreptav- 
idin-biotin-peroAidase (Fzd5. E-cadherin and cytokeratin 8). For 0- 
catenin. polyclonal rabbit antibody with the EnVision detection svs- 
lem (DAKO) w 35 used. The slides were further developed using 3- 
amino-9-clhvIcarbazole. counterstained with hemalaun and mount- 



ed with glycerin gelatin. Stained sections were observed with an 
Axioplan 2 microscope equipped with an Axiocam digital camera. 
Staining intensity for p-catenin was scored as no staining {value 0), 
weak and fragmentary staining of cell membranes (value IX moder- 
ate membrane staining of less than 50% of the tumor cells (vaJue-2). 
moderate membrane staining of more than 50% of tumor ceJls (value 
3) and strong membrane staining of more than 75% of tumor cells 
(value 4). The cycJin Dl staining was quantified as a percentage of 
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F>9. 1. Fzd5 protein. expression in matched 
tumor/normal kidney samples. T - Tumor 
sample; N - matched normal sample. Sam- 
ple identification numbers are given by the 
pathologist. 



153702 137770 138844 137146 137564 133408 

T N T N T N T v N T NT. N 




- Actm . 



139188 135699 • 1390B4 134585 140279 " 

T T N T N T N T N 




FidS 



- Actio 



cyclin Dl-imjnunoreactjve nuclei in tumor cells in three fields (area: 
18,641 urn*) of each tumor sample; The tojal number of tumor nuclei 
ranged from 51 to 164. The correlation between Fzd5 and p-caienin 
staining* and between Fzd 5 and cyclin Dt staining was evaluated by 
the Mann-Whitney U test. . 



sion level was observed to be relatively Jow in these lung 
tissues compared to the other tissues investigated 



Results 

Fid mRNA Expression in Matched Human 

Tumor/Normal Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched norma) tissue samples and normal- 
ized to the expression of the housekeeping gene mitochon- 
drial ATPsy6 (table 2). A 3-fold increase was considered 
significant. . 

In the kidney tumor samples, in which 10 of 1 1 sam- 
ples were clear eel) carcinomas, Fzd5 was upregulated in 8 
of the 1 1 samples. A similar observation was made for 
F2d8 and Fzd2, which were upregulated in 7 and 5 renal 
tumor samples, respectively. None of the other Fzds 
showed consistent upreguJation. 

Both Fzd2 and Fzd3 were upregulaled in 3 of 5 coJon 
adenocarcinoma samples. No other Fzd expression was 
significantly different compared to the normal colon tis- 
sue sample. Fzd3 showed an increased expression in all 3 
ovarian carcinoma samples. Fzd expression was not al- 
tered in any of the lung tumor samples. The Fzd expres- 



Weslern Blot and J mmunohistochemistry Analysis on 
Renal Carcinomas 

Western blotting was used to evaluate Fzd5 protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane fractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2), Fzd5.mRNA 
upregulation was detected in 8 of the 1 1 matched tumor/ 
normal samples. Increased expression of Fzd5 protein 
was seen in membrane fractions from 9 of I I samples 
(fig. J). Jn most cases, concomitant increases in Fzd5 
mRNA and protein levels were observed. 

Hemaloxylin-eosin staining of the Cryosecl ion ed tu- 
mors confirmed the presence of clear cell carcinoma. 
Fzd5 imm unosiaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized to cell membranes and to 
. nuclei. Cytokeratin 8 (fig. 2c) and E-cadherin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear cell carcinoma was less intense and patchy com- 
pared to epithelial cells of normal renal tissue. JJ-Catenin 
staining was confined to the cell membrane. 0-Catenin 
levels in the clear cell carcinoma membranes were highly 
variable. Nuclear p-catenin staining was not observed in 
any of the samples. Epithelial cells in normal renal tissue 
showed intense membrane staining and some cytoplasmic 
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Staining. Jn addition, weak p-catenin staining of endothe- 
lial cells was observed. A high number of cyclin Dl- 
immunoreactive nuclei was observed in cleared) carcino- 
. ma (fig. 20- 

On the CL1 human kidney cancer tissue array, 30% 
(n = 9) of the dear cell carcinoma tumor samples (n = 30) 
; showed Fzd5 immunoreactivity (fig. 3a). Membrane-as- 
sociated p-catenin staining was observed in 33% of the 
FzdS-positive tumor samples and 57% of Fzd5-negative 
clear renal cell carcinoma samples (table 3; fig. 3c, d). 
. Again, nuclear P-catenin staining was never observed. 
Statistical analysis did not reveal a difference in . the 
expression of p-catenin between Fzd^positive and Fzd5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin DJ was observed in.89% of the Fzd5- 
positive clear cell carcinoma samples (table 3; fig. 3e). 
Only 38% of the Fzd5-negative dear cell carcinoma sam- 
ples contained nuclear cyclin Dl. Statistical analysis 
showed a significantly higher cyclin Dl expression in 
Fzd5-posiiive compared to Fzd5-negative tumor samples 
(fig. 4b). 



Expression of PPAR5 was investigated because it repre- 
sents a direct target of the P-catenin pathway with T cell 
factor binding sites in its promoter. Expression of c-myc 
was found to be upregulated in 7 of 1 1, whilst cyclin Dl 
was upregulated in 10 of 1 1 kidney tumor samples (ta- 
ble 4). PPAR5 was upregulated in 9 cases. All three select- 
ed target genes showed a marked upregulation in. the 
majority of renal tumors, which suggested that the Wnt/ 
P-catenin pathway was activated in these samples: 



Discussion 



c-myd Cyclin Dl and Peroxisome 

Proliferator-Actiyated Receptor S Expression in Renal 
Carcinomas 

Wnt/p-catenin.pathway activation in the kidney tissue 
samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin DJ and peroxisome 
proliferalor-activated receptor 5 (??ARh) was analyzed. 
Increased expression of both c-myc and cyclin Dl genes 
have been implicated in cell proliferation, and carcino- 
genesis, and they represent two of the more important and 
closely studied target genes of the Writ signaling pathway. 



r-ig. 2. Distribution of Fzd5 (b, b), cytoJceratin 8 (c), E-eadberin (d) 
and P-calcnin (e) immunoreaetiviiy in paraffin sections from a renal 
tumor processed by an aJcohol fixative. From the same tumor, a for- 
malm-fixed block was used for cycJin Di immunostaining (f)! Fzd5 
immunosiaming sbowj distinct immunoreaciiviiy i D cell membranes 
and in nuclei of clear cetl renal carcinoma. ClearcelU are immuno/e- 
active for cyioke/atin 8. P-Catenin and E-cadherin staining of mem- 
branes is rather weak, and not uniform, in clear cell renal carcinoma. 
Nuclear 0-catenin immunoreaciiviiy was not observed. In clear cell 
renal carcinoma, many nuclei showed cyclin Dl immunoreaciiviiy. 
The inset in f shows a detailed view of the cyclin Dl labeling of nuclei 
* in clear cell renal carcinoma. 



Fzd family member overexpression has been postu- 
lated to play key roles in different tumor types such as 
esophageal carcinoma [11], gastric cancer [12] and head 
and neck squamous. cell carcinoma [13]. The current 
study evaluated the potential implication of Fzds as 
tumor-associated antigens in different tumor types. We 
screened a number of matched normal/tumor tissue sam- 
ples for the expression of a variety of Fzds using real-time 
quantitative PCR. 

Results obtained revealed that both Fzd5 and Fzd8 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched normal 
kidney samples. Fzd2 and Fzd3 were upregulated in 3 of 5. 
colon adenocarcinoma samples. Fzd3 was also upregu- 
lated in the ovarian tumor tissue samples compared to the 
matched normal tissue samples. None of the other F2ds 
evaluated showed a specific differential expression pat- - 
tern in any of the samples studied. Fzd5 and Fzd 8 show 
69.1 % similarity and belong to the same subgroup of Fzds 
[14J. The significantly higher expression of Fzd5 and. 
Fzd 8 in the renal tumor samples, as compared to the nor- 
mal renal samples* suggests a higher probability that this . 
subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- ' 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western blotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. In order to be able to determine the Fzd5 expres- 
sion in a broader range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importantly, mem- 
brane staining was not detected in the matched 9 normal 
. kidney tissue samples. 

Since the Wnt signaling pathway appears to play . an 
important role in embryonic development, in particular 
embryonic kidney induction [15, 16], activation of this 
pathway in the adult kidney due to mutation or overex- 
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Table 3. Correlation between Fzd5 and 
0-caienin or cyclin DJ expression 



Fzd5,% 



ft-Caienin.+ 
^Catchin - 
Cyclin DJ + 
.Cyclin DJ- 



33 
.67 
89 
It 



57 
43 
38 
62 



Table 4. Wnt/0-caienin target gene mRNA expression 



pression or one of the components or the pathway could 
be a determining factor m the development or renal can- 
cers. Therefore, several studies have looked into the possi- 
ble function the Wnt/0*atenin pathway plays in renal 
carcinogenesis. AFC gene mutations have been demon- 
straled not to be involved in renal carcinoma [17, 18]. In 
addition, 0-catehin mutations are rare events in renal car- 
cinoma [19, 20]. Nevertheless, cytoplasmic accumulation 
of 0-catemn has been reported in a number of renai cell 
carcinomas [19], and thus the Wnt signaling pathway 



m tumor samples 



Sample 3 Tissue 



Tumor type 



x-fold expression increase* 
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F»9. 4. Box plot charts (thick black line = 
median) illustrating the relationship be- 
tween Fzd5 immunostaining and 0-catenin 
f» and cyclin DJ (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed bet ween the ^atenin scores of 
Fzd5-posiltvc and -negative clear cell renal 
carcinoma. Nuclear cyclin. D J staining in 
clear cell renal carcinoma showed 3 signifi- 
cant, difle re pee between Fzd5-positive and 
Fzd5-negative tumor samples. 
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might act as an inducer of tumor igencsis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnt signaling pathway has been reported in 
renaJ-cancer-derived cei) lines. Zang et al. [2 ! ] observed a 
higher expression level of Wnt5a and Fzd5 mRNA in the 
renal cancer cell line GRC-1 than in the normal renal cell 
line HK-2. Expression of p-cateniii was also higher in 
GRGlthaninHK-2. 

To determine the staiys of the canonical Wnt signaling 
pathway in our renal carcinoma samples, we have quant i- 
tated the mRNA levels of three important target genes of 
T cell factor/rymphoid enhancer factor activation by 
P-catenin. The mRNA levels of these three target genes 
(c-myc, cyclin Dl and PPAR 5) correlated largely with the 
expression. of F2d5 in these samples, suggesting that the 
•.canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificant correlation with the Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl protein is frequently. overex- 
pressed in various tumors, but in only a. proportion of the 
cases is it due to amplification of the cyclin Dl gene [22]. 
.Therefore, other mechanisms such as upregulatiori of gene 
. transcription may play a substantial role in the overex- 
pression of cyclin Dl [23-26]. Our data, showing in- 
creased cyclin Dl expression in renal carcinoma samples, 
are consistent with the results of Stassar et al. [27]. They 
studied genes that are associated with human renal carci- 
noma l?y suppression subtr active hybridization and re- 
ported 14 differentially expressed genes, including cyclin 
Dl. Although we would, have expected an increased nu- 
clear ^catenin staining, nuclear accumulation of P-cate- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et ah [19]. They did not 
detect nuclear p-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear p-catenin staining 
has also been reported by others in tumors that might 
have arisen from Wnt/P-catenin pathway activation [28- 
31). 

While expression of both Wn t5a and Fzd5 does induce 
duplication of the Xenopus head, exogenous expression of 
Fzd5 in a Xenopus model does not induce duplication of 
the head [32], Fzd5 does not activate the p-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our resuhs.suggest that Fzd5 may 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
. hypothesize that if Fzd5 is overexpressed, it has a rather 
limited effect, on p-catenin signaling; However, in the 
presence of its endogenous still unknown ligand, it acti- 
vates the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
under investigation. Ultimately, knowledge of the specific 
expression patterns of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker. 
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Immunohistocheniical analysis of NY-ESO-1 antigen expression in normal 
and malignant human tissues, 

Jungbluth AA , Chen Yl\ Stockert E , Busam KJ , Kolb D, Iversen K , Coplan K. 
Williamson B . Altorki N, Old LJ, 

Ludwig Institute for Cancer Research, Memorial SIoan-Kettering Cancer Center, New 
York, NY, USA. jungblua@mskcc.org 

NY-ESO-1, a member of the CT (cancer/testis) family of antigens, is expressed in normal 
' testis and in a range of human tumor types. Knowledge of NY-ESO-1 expression has 
depended on RT-PCR detection of mRNA and there is a need for detecting NY-ESO-1 at 
the protein level. In the present study, a method for the immunochemical detection of 
NY-ESO- L in paraffin-embedded tissues has been developed and used to define the 

. expression pattern of NY-ESO-1 in normal tissues and in a panel of human tumors. No 
normal tissue other than testis showed NY-ESO- 1 reactivity, and expression in testis was 
restricted to germ cells particularly spermatogonia. In human tumors, the frequency of 
NY-ESO-l antigen expression corresponds with past analysis of NY-ESO-1 mRNA 
expression e.g., 20-30% of lung cancers, bladder cancers and melanoma, and no 
expression in colon and renal cancer. Co-typing of NY-ESO-1 antigen and mRNA 
expression in a large panel of lung cancers showed a good correlation. There is great 
variability in NY-ESO-I expression in individual tumors, ranging from an infrequent 

. homogeneous pattern of staining to highly heterogeneous antigen expression. Copyright 

. 2001 Wiley-Liss, Inc. 
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Multidrug resistance phospkoglycoprotein (AJBCB1) in the mouse 
placenta: fetal protection. 

Kalabis GM, Kostaki A. Andrews MH. Petropoulos S. Gibb W. MatthewsSG . 

Department of Physiology, University of Toronto, Ontario, Canada. 

The multidrug resistance phosphoglycoprotein ATP-binding cassette subfamily B 
(ABCB1) actively extrudes a range of structurally and functionally diverse xenobiotics as 
well as glucocorticoids. ABCB 1 is present in many cancer cell types as well as in normal 
tissues. Although it has been localized within the mouse placenta, virtually nothing is 
known about its regulation. In the mouse, two genes, Abcbla and Abcblb, encode 
ABCB 1 . We hypothesized that there are changes in placental Abcb 1 a and Abcb 1 b gene 
expression and ABCB1 protein levels during pregnancy. Using in situ hybridization we 
demonstrated that Abcblb mRNA is the predominant placental isoform and that there are 
profound gestational changes in the expression of both Abcbla and Abcblb mRNA. 
Placentas from pregnant mice were analyzed between Embryonic Days (E) 9 5 and 19 
(term approximately 19.5d). Abcblb mRNA was detected in invading trophoblast cells 
by E9.5, peaked within the placental labyrinth at El 2.5, and d^en progressively decreased 
toward term (P < 0.0001). Abcbla mRNA, although lower than that of Abcblb at 
midgestahon, paralleled changes in Abcb 1 b mRNA. Changes in Abcb 1 mRNA were 
reflected by a significant decrease in ABCB 1 protein (P < 0.05). A strong correlation 
existed between placental Abcblb mRNA and maternal progesterone concentrations, 
indicating a potential role of progesterone in regulation of placental Abcblb mRNA.' In 
conclusion, there are dramatic decreases in Abcb 1 a and Abcblb mRNA and in ABCB 1 at 
the maternal-fetal interface over the second half of gestation, suggesting that the fetus 
may become increasingly susceptible to the influences of xenobiotics and natural steroids 
in the maternal circulation. 
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Expression of human telomerase reverse transcriptase gene and protein 
and of estrogen and progesterone receptors, in breast tumors: Preliminary 
data from neo-adjuvant chemotherapy. 

feagriJi .IzumiyamaN, Hashimoto M, NakamunK, Okano T, Kurabava shi R 
NapkiH, HomnaN, Ogawa T, Kaminishi Ivf T^^" ' Y h ' • '• 

SSSL°5S? t - md I" 41 f?T SU L gCry ' Department ° f Graduate Sc hool of 

di$S^-jp ° Bunk y°- ku . T °kyo 1 13-8655, Japan. Icanmori- 

Human telomerase reverse transcriptase (hTERT), the catalytic subunit of telomerase is 
very closely assocated with telomerase activity. Telomerase has been implicated in 
cellular, immortalization and carcinogenesis, in situ detection of hTERT will aid in 
aeterminmg the localization of telomerase-positive cells. The aim of this study was to 
detect exp.ress.on of hTERT mRNA, hTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin-embedded breast tissue samples and to investigate 
the rela , 0 n S h lp between hTERT expression and various clinicopatliological paraiTeSs 
m breast tumongenesis. We used in situ hybridization (ISH) to examine hTERT g^ne 
S i ' '"oWstochemistry (IHC) to examine expression of hTERT protein 
, ' m ■ T USSUCS mCluding 64 adenoca ™nomas, 2 phyllode tumors and their 
adjacent normal breast tissues. hTERT gene expression was detected by ISH in 56 (88%) 

-melt m ;? thC 2 phyllQd K £um ° rs - hTERT protein e3 *™ w - 

detected by IHC in 52 (81%) carcinomas, but m neither of the 2 phyllode tumors 
Moreover, ER arid PR were expressed in 42 (66%) and 42 (66%) carcinomas 
respectively, and in neither of the 2 phyllode tumors. In 4 cases of breast carcinoma that 
sfrongly expressed hTERT gene and protein before treatment, neo-adjuvant 
chemotherapy led to disappearance of gene and protein expression in all cases. There was 
a strong correlauon between detection of hTERT gene expression by ISH and of hTERT 
protein by ICH in tissue specimens from breast tumors. These results suggest that 
detection of hTERT protein by ICH can be used to distinguish breast can'Ss as a 
potential diagnostic and therapeutic marker. 
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Abstracl. Human telomerase reverse transcriptase (hTERT), 
the C3talytic subunit of telomerase, is very closely associated 
with lelomerase activity. Telomerase has been implicated m 
cellular immortalization and carcinogenesis. In situ detection of 
hTERT will aid in determining the localization of telomerase- 
posilive cells. The aim of this study was to delect expression of 
hTERT mRNA, bTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin; embedded breast tissue 
samples and to investigate the relationship between hTERT 
expression and various clinicopathological parameters in breast 
lumorigenesis. We used m situ hybridization (ISH) to examme 
hTERT gene expression, and immunohistccbe misery (JHO to 
examine'exprcssion of hTERT protein, ER and PR. in breast 
tissues including 64 adenocarcinomas. 2 phyllode tumors and 
their adjacent normal breast tissues. hTERT gene expression 
was detected by ISH in 56 (88%) carcinomas, but in neither 
of the 2 phyllode tumors. hTERT protein expression was 
delected by IHC in 52 (81%) carcinomas, but in neither of 
the 2 phyllode tumors. Morcover.ER and PR were expressed 
in 42 (66%) and 42 (66%) carcinomas, respectively, and m 
neither of the 2 phyllode rumors. In 4 cases of breast carcinoma 
that strongly expressed hTERT gene and protein before 
treatment, neo-adjuvant chemotherapy led to disappearance of 
gene and'protein expression in all cases. There was a strong 
correlation between detection of hTERT gene expression by 
ISH and of hTERT protein by 1CH in tissue specimens from 
breasi tumors. These results suggest that detection of hTERT 
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protein by 1CH can be used to distinguish breast cancers as a 
potential diagnostic and therapeuuc marker . 

Introduction 

Breast cancer is the most frequent malignancy in women, 
affecting up to one in every eight females worldwide. The 
most important clinicopathological prognostic parameter so 
far identified is the absence or presence of lymph node 
metastasis, but the identification of further parameters for 
both lymph node-posiiive and -negative patients would 
facilitate on individually based risk-directed therapy (1). A 
promising emerging molecular marker is telomerase. a 
ribonucleoprotein enzyme complex, which when activated 
or upregulated allows tumor cells to escape from cellular 
senescence and to proliferate indefinitely (2). The human 
telomere is a simple repeal sequence of six bases (TTAGGO) 
that is located at the ends of each chromosome (3). Telomeres 
are believed to protect against degeneration, reconstruction, 
fusion, and loss (4) and to promote the homologous pairing 
of chromosomes (5). The end-to-end chromosome fusions 
observed in some tumors may result from the loss of telomeres 
and may be partly responsible for the genetic instability 
associated with lumorigenesis. Telomerase catalyzes the 
synthesis of telomere DNA and facilitates cell immortal izauon 
through the stabilization of chromosomal structure (6-8) 
Although the expression of the human RNA component of 
telomerase (hTERC) is widespread, the restricted expression 
pattern of the mRNA of hTERT, the human telomerase 
catalytic subunit £enc, is correlated with telomerase activity 
(8-13). As lelomerase aciivity seems to be die key player in 
tumor cell immortality, it has importance as a target molecule 
for anli-cancer therapy. Telomerase activity has been shown 
to correlate with poor clinical outcome in neuroblastomas 
and oiher tumors (14). For breast cancer. howev CM clomerase 
aciivity is a controversial prognostic marker: some studies 
.suggest that lelomerase activiry. clinicopathological parameters 
and disease ouicome are linked, whereas others do not Ond 
this association (14-23). 
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We have succeeded in very dearly and sensitively demon- 
strating hTERT mRNA in thyroid, colorectal, parathyroid 
and lung tissues by use of an oligonucleotide probe (13,24-26). 
Strong correlation has been observed between hTERT mRNA 
and/or protein expression and lelomerase in a variety of 
" malignant tumors (13.14,24.25.27,28). In the present study, 
we used ]SH to examine expression of the hTERT gene, and 
1HC to examine expression of hTERT protein, ER and PR, in 
64 carcinomas and 2 phyWodes rumors of breast to determine 
whether hTERT protein can be used to differentiate breast 
cancers. We also analyzed hTERT mRNA and protein 
expression with special reference lo clinical features and 
histological findings to investigate the potential role of 
hTERT mRNA expression analysis in predicting the biological 
characteristics of breast cancers. Since hTERT expression in 
breast rumors has not previously been analysed by ISH or IHC, 
our investigation also examined various clinicopathological 
parameters, including age, histopaibological.rype, tumor si2e. 
lymph node status, relapses, and the expression of ER and PR. 

* Materials and methods . 

Tissue collection. Sixty -six samples were obtained during 66 
mastectomies: 64 breast carcinomas, 2 phyllodes tumors and 
66 specimens of the adjacent normal breast gland. In 4 cases, 
samples were obtained during core needle biopsies (CNB) 
before neo-adjuvant therapy and again during mastectomies 
after neo-adjuvant therapy; for these cases, all measurements 
and examinations were performed both before and after the 
neo-adjuvant therapy. The patients ranged in age from 32 to 
90 years. The patients with carcinomas ranged in age from 37 
to 90. mean 56, years and were all women. The women with 
phyliode tumors were aged 32 and .38 years, respectively. 
The surgical and CNB tissue samples were frozen rapidly 
with liquid nitrogen and stored at -80X until fixation. Then, 
they were fixed in 10% buffer formalin solution and 
embedded in paraffin. Surgical and CNB samples were 
collecied from the patients after obtaining their informed 
consent, and the study protocol was approved by the Medical 
Department of the University of Tokyo Ethics Commiuee. 
The pathologic diagnoses were made by the surgical 
pathological specialists at our institute on the basis of 
examination of hematoxylin-cosin stained slides. A 
pathological review was performed for all breast tumors 
according to ihe BRE score- pT and pN staging were assigned 
according to the J 997 WHO c)assif)cation (7th edition). 

MCF-7 human breast cancer cells, kindly provided by the 
Cell Resource Center for Biomedical Research, Institute of 
Development. Aging and Cancer, Tohoku University, were 
used as positive controls. The cells were incubated in RPJvtl- 
1640 medium with 25 mM HEPES buffer. L-glutamine, and 
10% feial bovine serum (Gibco, Grand Island, NY) on a 
chamber-attached slideglass (Lab-Tek* Chamber Slide 1 *: 
Nalge Nunc International, NapervjJIc, IE) in a humidified 5% 
CO, atmosphere at 37*C. The cells were then fixed wiih 10% 
buffered neutral formalin (Sigma Chemical Co., St. Louis. 
MO). The cultured MCE-7 cell line that was used as a positive 
control ivas tested for telonicmse with a PCR-based standard 
TRAP assay (6.! 3). These eelb were also used to prepare cell 
blocks. Brie My. the cells were fixed in I07o buffered neutral 



formalin, resuspended in molten agarose and then embedded in 
paraffin. Sections from these cell blocks were used as positive 
procedural controls in ISH and IHC. The negative control in 
1SH was obtained by replacing the oligonucleotide probe wiih 
RNase.The negative control in IHC was obtained by replacing 
the primary antibody with Tris-buffered saline (TBS). 

Oligonucleotide probe for /$//. The specificity of the oligo- 
nucleotide sequence was initially determined by a GenEMBL 
database search using the Genetics Computer Group Sequence 
Analysis Program (GCG, Madison, WI) based on the fastA 
algorithm (29); the sequence exhibited 100% homology 
with the hTERT gene sequence. A dfO^ oligonucleotide 
was used lo verify the integrity and lack of degradation of 
the mRNA in each sample. All oligonucleotide probes 
were synthesized with a hapien-labeled nucleotide, such as 
digoxigeninrdUTP (Boehringer-Mannheim). at the 3' end via 
direct coupling by using standard phosphoramidite chemistry 
(Research Genetics. Huntsville, AL) (30). The probe used for 
detection of hTERT by ISH was generated from the original 
sequence for Homo sapiens telomerase reverse transcriptase 
(AF015950), 2766-2800: 5'-GCCTCGTCTTCTAC*AGGGA 
AGTTCACCACTGTCTT-3' (1 3 ,24-26). 

ISH. ISH was performed with the GenPoint nucleic acid hyper- 
deteciion system (Dako; Carpenteria, CA) (31). Formalin- 
fixed, paraffin-embedded tissue sections (5 /jm thick) were 
deparaffinued in xylene and a graded alcohol series. Tissue 
. sections and CNB samples were then prelreated with target 
retrieval solution (Dako, SI 700) at 95'C and proteinase K 
(Dako, S3004) at room temperature. Next; the tissues and 
CNB samples were fixed in 03% hydrogen peroxide followed 
by a methyl Blcohol series at room temperature. Digoxigenin- 
labeled anti-sense oligonucleotide in mRNA in sins hybri- 
dization solution (Dako, S3304) was placed over the lissucs 
and CNB samples. After hybridization at 37- C overnight, 
the slides were washed in stringent wash solution (Dako. 
GenPoint System Kit) at 45'C. The tissues and CNB samples 
were exposed to avidin blocking solution (Dako, X0590) 
at room temperature followed by biotin blocking solution 
(Dako. X0590) at room temperature. The tissues and samples 
were then incubated at room temperature with a sheep 
monoclonal hapten- labeled 3nti-digoxigenin antibody (Dako. 
p5!04), and the slides were then fixed with biotinyl ryramine 
(Dako. GenPoint System Kit) al room temperature. Finally, 
the slides were incubated with HRP-conjugated streptavidin 
(Dako, GenPoint System Kit) al room remperaiore. Since 
33' diaminobenzidine teliahydrochloride (DAB) was used as 
the substrate, a positive reaction was visible as a brown color 
under a light microscope. The sections were weakJy counter- 
stained with 0.1% hematoxylin. 

IHC. IHC was performed by the avidin-biolin complex/ 
horseradish peroxidase method. Tissue sections were stained 
for hTERT wiih a commercially available monoclonal antibody 
(NCL-L- hTERT; Novocastra. Newcastle upon Tyoe. UK). 
Sections were dewaxed in xylene. Antigen retrieval was done 
by incubating seciions immersed in 0.01 M citrate buffer al 
p.H 6.0 in o miciowave oven at 99*C. The sections were 
allowed to cool down at room temperature. The sections 
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Figure I . Representative results of ihc TRAP assay. Jf functional iclomtrase » 
pt cscrt, the emvme adds DNA lo the substrate in 6- base -pair {bp) increments, 
resulting in » ladder- like distribution of products. The 6- bp ladder signals art 
apparent fa MCF-7 and breast cancers (case nos. 6. 14, 23. 44 and 59) and arc 
not apparent fDi lysis buffer as the negative control. An extract of MCF-7 was 
used as » positive control Tor the TRAP assay and as an Internal Telomcnoe 
Assay Standard (IT AS) positive control for PCR amplification, with rysSs 
buffer as the negative control (Lysis). 



were then immersed in 1% hydrogen peroxide (H 2 0 5 ) in 
methanol to.block endogenous peroxidase aclivity. Following 
that, (he seciions were washed in TBS (pH 7.6) before being 
incubated in normal rabbit serum for 20 min lo block non- 
specific binding. After draining off the excess serum, the 
seciions were incubated with the primary antibody at room 
• temperature. The seciions were washed in. TBS before being 
incubated with the secondary antibody (biotinylated rabbit 
ami- mouse, Dako). The seciions were washed again with 
TBS and incubared with avidin bioiin complex/horseradish 
peroxidase. After washing the seciions with TBS, peroxidase 
aclivity was visualized under light microscopy by applying 
DAB chromogen (Dako). The sections were counterstained 
with hematoxylin; dehydrated in increasing grades of alcohol 
and finally mounted in dibmyl phthalaie (DPX) mountanl. 

Homogeneous staining or a speckled/dotted pattern in the 
nucleus was considered positive staining, and absence of 
distincl nuclear staining was taken as negative staining. 
Grading of the percentage of stained cells (hTERT Jabeling 
index) was performed by previously published criteria (!) as 
folJows: Grade 1. negative staining: Grade 2, 1-10% positive 
staining nuclei; Grade 3, 11-50% positive nuclei; and Grade 4, 
>50% positive nuclei. Immunostained slides for ER and 
PR were scored as previously described (32,33). Jn brief, 
each entire slide was evaluated by light microscopy. First, a 
proportion score was assigned, which represents the estimated 
piopoition of posiiive-stajning tumor cells (0, none; ), < J/100; 
2. 1/100 to 1/10; 3, 1/10 to 1/3; 4, 1/3 to 2/3; and 5, >20). 
Next, ari intensity score was assigned, which represents Ihe 
average intensity of positive rumor cells (0. none; I, weak, 
2. intermediate: and 3, strong). The proportion and intensity 
scores were then added to obtain a total score, which ranged 
from 0 io 8. Slides were scc;ed by pathologists who did not 
have knowledge of ligand- binding results or patient outcome. 



Table I. Relationships between mRNA status (negative/ 
positive) by ISH and standard clinical, pathological, and 
biological factors in the 66 tumors. 



No. of patients (%) 

Total 

population hTERT hTERT ' 

(%) negative positive P-value* 



Total : 


66 


JO (15.2) 56(84.8) 


Age 






<50 


26 


6 (23.1) 20(765) 


>50 


40 


6(15.0) 34(85.0) 


Hisiopalho- 






Jogical type 






Scirrhous 


32 * 


. 2 (6.4) 30(93.6) 


PapiJIorubular 


20 


2(10.0) 18(90.0) 


Solid tubular 


6 


1(16.7) 5(833) 


Mucinous 


2 . 


1 (50.0) .1(50.0) 


Non-invasive 


4 


2(50.0) 2(50.0) 


Phyllodes 


2 


2 (100) 0 (0) 



Tumor size 






NS 


(cro)> 








Tl (<2.0) 


20 


0 (0) 20 (100) 




T2 (2.CK5.0) 


34 


6(17.6) 28(82.4) 




T3 (>5.0) 


JO 


2 (20.0) 8 (80.0) 




Lymph node 








status* 






NS 


pNO 


34 


6(17.6) 28(82.4) 




pN] . 


26 


2 (7.7) 24 (92.3) 




pN2+pNM 


4 


0 (0) 4 (100) 




Relapse 






NS 


+ 


JO 


0 (0) .10 (100) 






56 


10(17.6) 46(82.4) 




ER expression 






NS 


+ <*2) 


42 


6(14.3) 36(85.7) 




- (<2) 


24 


4(16.7) 20<833) 




PR expression 






NS 




42 


4 (9,5) 38(903) 




- (<2) 


24 


6(25.0) 18 (75JD) 





V if st- NS, not significant. b lnform»!ion available for 64 patients. 



'arhiical analysis. Differences in p- values were analyzed 
with the x 1 test for independence, and Fisher's lest was used 
for correlations. In all comparisons. p<0.05 was considered 
significant. 

Results 

Representative results of the TRAP assay are shown in Fig, J. 
Trie cultured cells, which were tested for tclomcrase activity 




Figured. Conebiion between biologic diapnwis. human trlomtrase reverse transcriptase (bTERT) mRNA by 1SH. bTERT protein by IHC estrogen 
receptor (£R)by JHC and piojtMcronc receptor (PR) by IHC in breast cancers, (o. H&E): (b. bTERT mRN A); (c. bTERT protein); (d.ER)and (e. PR). 



with the TRAP assay, cave positive results with all procedural 
controls (MCF-7 and 5 breast cancer samples) (Fig. I). 

1SH revealed thai hTERT mRNA was strongjy expressed 
in the nuclei and cytoplasm of almost all of the MCF-7 human 
cancer cells (data not shown). Expression. of hTERT mRNA 
was detected in. 56 (88%) of the 64 breast cancers and in none 
of the pbytlodes tumors of the breast (Table I) wish the anli- 
. sense probe, whereas no expression was detected with the anti- 
sense probe treated with RNase (data not shown). The levels of 
expression were hetetogeneous within the carcinomatous 
regions. Strong expression of h TERT mRNA was not confined 
lo the carcinomatous regions but was also delected in 
infiltrating lymphocytes (Fie. 2a and b). Higher expression 
levels of both signals of hTERT mRNA were detected in 
some sections containing both carcinomas and lymphocytes, 
compared with the adjacent non-cancerous mammary gland, 
hut no clear differences in signal intensity were observed 
between carcinomas and lymphocytes. The signals in both 
the normal and cancer tissues were mainly present in the 
lymphocytes, and the signal intensity was similar in both, 
although a precise quantitative comparison of ibe in j/m signals 
was impossible. 



IHC revealed that hTERT protein was strongly expressed 
in the nuclei, nuclear membrane and cytoplasm of almost all 
of the MCF-7 human cancer cells (data no! shown). Expression 
of hTERT protein was delected in 52 (81%) of the 64 breast 
cancers and in none of the phyllode tumors of the breast 
(Table It). The levels of expression were heterogeneous within 
the carcinomatous regions. As shown in Fig. 2c; strong 
expression of hTERT protein was observed, in nuclei, nuclear 
membrane and cytoplasm, similar to the pattern in MCF-7 
human cancer cells. Normal mammary gland and stromal 
cells generally showed negative immunoreactivity against 
hTERT protein antibody. 

A nuclear signal for the ER (Frg. 2d), as assessed by IHC. 
was observed in 36 (56%) of the 64 breast cancers and in 
none of the phyllode tumors of the breast, with positive 
scores ranging from 2 lo 8 (Tables I and H). A nuclear signal 
for the PR (Fig. 2e). as assessed by IHC, was observed in 38 
(59%) of the 64 breast cancers and in none of the phyllode 
i u mors of the breast, with positive scores ranging from 2 to 8 
ffables I and 11). 

We used 1SH and IHC lo examine hTERT expression 
in 4 cases of breast cancer before and after neo- adjuvant 



Table II- Relationships beiwcen mRNA status (negative/ 
positive) by IHC and standard clinical, pathological, and 
biological factors in the 66 tumors. 



No. of patients {%) . 





Total 


hTERT 
negative 


hTERT 
positive 


P- value* 


Total 


66 


)4(2U) 


52 (78 ;8) 




Age 

<JU 

>50 


26 
40 


10(38.5) 
4(10.0) 


16(61.5) 
36 (90.0) 


NS 


Histopathologic^! 

type 
Scirrhous 
Papillotubular 
Solid tubular 
Mucinous 
Non-invasive 
Phyllodes 


32 
20 

6 

2 

4". 
2 


2 (6.4) 
4 (20.0) 
4 (66.7) 
0 (0) 
2 (50.0) 
2 (100) 


-?U (yJ.O; 

16(80.0) 
2 (333) 
2 (100) 
2(50.0) 
0 (0) 


NS 


Tumor size (cm) 1 * 
Tl (<2.0). 
T2 (2.0-5.0) 
T3 (>5.0) 


20 
34 
10 


4 (20.0) 
6(17.6) 
2 (20.0) 


] 6 (80.0) 
28 (82.4) 
8 (80-0) 


NS 


Lymph node slams* 
pNO 
pNI 

pN2+pNM 


34 
26 
4 


6(17.6) 
6(23.1) 
0 (0) 


28 (82:4) 
20 (76.9) 
4 (100) 


No 


Relapse 
-i- 


JO 

56 


1 (10.0) 
13(23.2) 


9 (90.0) 
43 (79.6) 


NS 


ER expression 
- «2) 


42 . 
24 


6(14J) 
8 (33 J) 


36(85.7) 
16(66.7) 


NS 


PR expression 
- (<2) 


42 
24 


6(143) 
8(33.3) 


36(85.7) 
16(66.7) 


NS 



V lest. NS. noi significant. Mnformaiion available foi 64 patients. 



chemotherapy. Before chemotherapy, all 4 of the breast 
carcinomas strongly expressed hTERT by both ISM and 
111C. After chemotherapy. hTERT expression completely 
disappeared in all 4 cases (Table HI). hTERT expression by 
lymphocytes was detectable by 1SH and IHC both before and 
after chemotherapy in all 4 cases, ond the level of expression 
did nor appear to be altered by treatment. 

No correlation was observed between hTERT rnRNA 
expression and any of the clinicopathotogical parameters 
age. histopatholosicaJ type, tumor <hv , lymph node status. 



Table HI. Relationship of hTERT mRNA and protein 
expression before and after neoadjuvant chemotherapy. 



Case 


Age 


Neoadjuvant , 


hTERT mRNA hTERT protein 


Before After 


Before After 


1 


80 


Anastro2oJe 


+ 


+ 


2 


78 


Anastrozole 


+ 


+ 


3 


35 


FED 


+ 


+ 


4 


37 


AO 







"FEC.5FU (500 mgtm 2 ). Epirobicin (70 mg/nv). Cyclophosphamide 
(500 rng/m 1 ). h AC, Doxorubicin (60 mg/nr 7 ). Cyclophosphamide 
(500 mg/m 1 ). Before, before neoadjuvant chemotherapy. After, 
after neoadjuvant chemotherapy. +. positive;-, negative. 



relapses, and the expression of ER and PR. Similarly, there 
was no correlation between hTERT protein expression and 
any of these clinicopathological parameters. There was a 
correlation between hTERT mRNA expression and hTERT 
protein expression in breast cancers (p<0.005). 

Discussion 

This study reports a comparison of hTERT mRNA expression 
by 1SH and hTERT protein expression by IHC in tissue 
sections from breast tumors. hTERT mRNA was detected 
by ISH in 56 of the 64 breast cancers and in MCF-7 human 
breast cancer cells. Breast cancer cell nuclei stained strongly 
positive with the specific anti-sense probe but not with the 
anti-sense probe treated wiih RNase (data not shown). Tissue 
lymphocytes also stained positively with the anti-sense probe, 
but the stromal cells did not. Expression of hTERT protein 
was observed by IHC in 52 of the 64 breast cancers. hTERT 
mRNA and protein expressions were highly correlated in 
breast cancers (p<0.005). Detection of the hTERT protein by 
IHC has permitted further analysis of carcinogenesis and 
cancer diagnosis (34). 

In recent years, there has been disagreement over the 
suitability of telomerase activity as a prognostic biologic 
ma/ker in breast cancer that may help to differentiate patients 
for individually based risk-related therapy. Hiyama et ol (15), 
in a study of 140 breast cancer specimens with the TRAP 
assay, found a strong association between telomerase activity 
and stage classification and observed telomerase activity 
in 68% of stage 1 tumors and 95% of stage IV tumors. 
Porembo ei ol ( I). using tissue mjcroanays, found a statistically 
significant correlation between rumor -specific survival (overall 
survival) and hTERT expression in breast cancer/However, 
some problems in interpretation may affect this apparent 
consensus. First, some samples of breast cancer tissue may 
be extensively contaminated by, infiltrating lymphocytes 
during operative manipulations, especially in advanced disease, 
causing over estimation cf telcmeruse activity anoVor hTERT 
expression. In our previous reports, higher expression levels 



of signals foi both hTERT mRNA and protein were delected 
in some sections containing both carcinoma and lymphocytes 
in thyroid and colorectal cancers (13,24). Secondly, Poremba 
el ol (1) used polyclonal antibodies against hTERT protein as 
a signal for expression. In our hands, polyclonal antibodies 
against hTERT protein give rise to strong background signals 
and axe not clearly specific for measuring expression in cancer 
tissues. We have carefully compared the reactivity against 
hTERT protein of the monoclonal antibody used in the 
present study with thai of some polyclonal antibodies. Use of 
the monoclonal antibody in IHC allowed clear demonstration 
of hTERT protein expression, with results similar to those 
of 1SH for hTERT mRNA expression; Furthermore JHC is 
technically much easier to perform than 1SH, since con- 
tamination of samples by RNase is not an issue in IHC. 

To the best of pur knowledge, this report is the first on the 
study of hTERT expression in. breast cancer as a function of 
neq-adjuvant treatment. We examined hTERT expression 
in 4 cases of breasi cancer before and after chemotherapy. 
Before chemotherapy, hTERT was strongly expressed in 
all 4 carcinomas* but after chemotherapy hTERT expression 
had completely disappeared in all 4 cases, hTERT expression 
by. lymphocytes was detectable by ISM and IHC both before 
and after chemotherapy in all 4 cases, and the level of 
expression did not appear to be altered by treatment. 

In conclusion, determination of hTERT mRNA expression 
by 1SH and hTERT protein expression by IHC can be used to 
obtain information contributing to a histopaihologicaJ diagnosis 
during screening of brerjst cancers. By use of a monoclonal 
antibody, we could very clearly and sensitively demonstrate 
hTERT protein expression in breasi cancer tissues but not in 
non-cancerous tissues. We also demonstrated that 4 carcinomas 
with originally positive imrnunoreactiviiy against hTERT 
protein became negative after neo adjuvant chemotherapy. 
These results suggest that determination of hTERT protein 
by 1CH can be used as a 'potential diagnostic and therapeutic 
marker to distinguish breasi cancers. 
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Increased expressiou of proteasome subunits in skeletal muscle of cancer 
patients with weight loss. 

Khal_J, ITinc AV . Fearon KC . Dciong CH . Tisdale MJ . 

Pharmaceutical Sciences Research Institute, Aston University, Birmingham B4 7ET, UK. 

Atrophy of skeletal muscle is common in patients with cancer and results in increased 
morbidity and mortality. In order to design effective therapy the mechanism by which 
this occurs needs to be elucidated. Most studies suggest that the ubiquitin-proteasome 
proteolytic pathway is most important in intracellular proteolysis, although there have 
been no reports on the activity of this pathway in patients with different extents of weight 
loss. In this report the expression of the ubiquitin-proteasome pathway in rectus 
abdominis muscle has been determined in cancer patients with weight loss of 0-34% 
using a competitive reverse transcriptase polymerase chain reaction to measure 
expression of mRNA for proteasome subunits C2 and C5, while protein expression has 
been determmed by western blotting. Overall, both C2 and C5 gene expression was 
increased by about three-fold in skeletal muscle of cachectic cancer patients (average 
weight- loss !4.5+/-2.5%), compared with that in patients without weight loss, with or 
without cancer. The level of gene expression was dependent on the amount of weight 
loss, increasing maximally for both proteasome subunits in patients with weight loss of 
12-19%. Further increases in weight loss reduced expression of mRNA for both 
proteasome subunits, although it was still elevated in comparison with patients with no 
weight loss. There was no evidence for an increase in expression at weight losses less 
than 10%. There was a good correlation between expression of proteasome 20Salpha 
subunits, detected by western blotting, and C2 and C5 mRNA, showing that increased 
gene expression resulted in increased protein synthesis. Expression of theubiquitin 
conjugating enzyme, E2(14k), with weight loss followed a similar pattern to that of 
proteasome subunits. These results suggest variations in the expression of key 
components of the ubiquitin-proteasome pathway with weight loss of cancer patients and 
suggest that another mechanism of protein degradation must be operative for patients' 
with weight loss less than 10%. 
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Cell type-specific occurrence of caveolin-lalpha and -lbeta in the lung 
caused by expression of distinct inRNAs. 

KggoH, Aiba T, Fujimoto T . 

Depaitaqnt of Anatomy and Molecular Cell Biology, Nagoya University Graduate 
School of Med.cine, Showa-ku, Nagoya 466-8550, Japan, hkogo@fujita-hu.ac.jp 

Two isoforms of caveolin-l, alpha and beta, had been thought to be generated by 
alternative translation initiation of an mRNA (FL mRNA), but we showed previously that 
a vanant mRNA (5'V mRNA) encodes the beta isoform specifically. In the present sLy 
we demonstrated strong correlation between the expression of the caveolin- 1 protein 
isoforms and mRNA variants in culture cells and the developing mouse lung The alpha 
isoform protem and FL mRNA were expressed constantly during the lung development 
whereas^expression of the beta isoform protein and 5'V mRNA was negligible in the fetal 
lung before 17.5 days post coilum, and markedly increased simultaneously at 18 5 days 
post co.tum, when the alveolar type I cells started to differentiate. Immunohistochemical 
analyse revealed the cell type-specific expression of the two isoforms; the alveolar type I 
cell expresses the beta isoform predominantly, while the endothelium harbors the alpha" 
isofojm chiefly. The mutually exclusive expression of caveolin- 1 isoforms was verified 
by Western blotting of the selective plasma membrane preparation obtained from the 
endothehal and alveolar epithelial cells. The present result indicates that the two 
caveolin- 1 isoforms are generated from distinct mRNAs in vivo and that their production 
is regulated independently at the transcriptional level. The result also suggests that the 
alpha and beta isoforms of caveolin-l may have unique physiological functions. 
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Oncogene and growth factor expression in ovarian cancer. 

Kommoss F, BauknechtT, BjrmclinG, KohjerM, Tegcb H, Pfleiderer A . 

Department of Gynaecology, Albert-Ludwig University, Freiburg, Germany. 

-The varying tumor-biological behavior of ovarian carcinomas probably influences both 
Uie.roperab,l,ty and response to chemotherapy, which are the most relevant prognostic 
factors. The phenotype of different ovarian carcinomas is obviously associated with an 
action of the EGF£GF-al P ha s.gnal pathway, including c-myc and c-jun expression. 
Analysis of EGF-R, TGF-alpha, c-myc. and c-jun expression in 33 stage TH/IV, Ld 2 
Stage mi ovanan carcinomas with biochemical, molecular-chemical and 
immunolustochernical methods showed a correlation between the mRNA and protein 
evels of EGF-R and TGF-alpha for rumors with low or high expressing rates. However 
the concentration of measurable free EGF-Rs seems to depend on the amount of TGF- ' 
alpha expression by the tumors. The EGF-R binding ligand TGF-alpha is produced by 
epithelial tumor cells; stromal cells are usually TGF-alpha-negative, as shown by 
lmmunohistochernistry. High expression rates of EGF-R. TGF-alpha and c-myc were 
detected m 6, 7, and 10. out of 35 ovarian carcinomas, respectively. C-jun mRNA was 
detected ,n 18/19 cases studied. Non-malignant tissues originating from myometrium or 
ovary expressed no (or only small amounts of) EGF-R or TGF-alpha mRNA, whereas a 
high c-myc expression was found in 1/7 normal myometria, and in 2/5 normal ovaries 
There was no strong correlation between EGF-R/TGF-alpha and c-myc/c-iun 
expression.(ABSTRACT TRUNCATED AT 250 WORDS) 
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Somatostatin receptors in primary human breast cancer: quantitative 
analysis of mRNA for subtypes 1-5 aud correlation witti receptor protein 
expression and tumor pathology. 

KumarU, Grigorakis St, WattjtL, SasiR, SneHL, Watson P, Chaudhari S . 

Fraser Laboratories For Diabetes Research, Department of Medicine, McGill University 
Royal Victoria Hospital, 687 Pine Avenue West, H3A IA1 Montreal, Quebec, Canada ' 
ujendra.lcuman@muhc.mcgill.ca 

Somatostatin receptors (SSTRs) have been identified in most hormone-producing tumors 
as well as in breast cancer. In the present study, we determined SSTR1-5 expression in 
primary ductal NOS breast tumors through semi-quantitative RT-PCR and 
immunocytochemistry. The results from the analysis of 98 samples were correlated with 
several key histological markers and receptor expression. All five SSTR subtypes are 
variably expressed at the mRNA level in breast tumors with 91% of samples showing 
SSTR1, 98% SSTR2, 96% SSTR3, 76% SSTR4, and 54% SSTR5. SSTR1-5 are 
localized to both tumor cells and the surrounding peritumoral regions as detected by 
immunocytochemislry. Levels of SSTR mRNA, when corrected for beta-actin levels 
were fughest for SSTR3 followed by SSTR1, SSTR2, SSTRS, and SSTR4. Furthermore, 
there was good correlation between mRNA and protein expression with 84% for SSTR l' 
79% for SSTR2, 89% for SSTR3, 68% for SSTR4,68% for SSTRS, and 78% for all five' 
receptors. SSTR I, 2 and 4 were correlated with ER levels whereas SSTR2 showed an 
additional correlation with PR levels. These correlations were independent of patient age 
and histological grade. Moreover, using immunocytochemistry, blood vessels exhibited 
receptor-specific localization for SSTR2 and SSTR5. Our results indicate significant 
correlations between mRNA and protein expression along with receptor-specific 
correlations with histological markers as well as ER and PR levels. Differential 
distribution of SSTR subtypes in tumors and receptor-specific expression in vascular 
structures may be considered as a novel diagnosis for breast tumors with receptor subtype 
agonists. 
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A transcriptomic and proteomic analysis of the effect of CpG-ODN on human 
THP-1 monocytic leukemia cells. 

KuilCC, Kito_CW, Uangi^l, Liang-SM. 

Institute of BioAgricultural Sciences, Academia Sinica, Taipei, Taiwan. 

The CpG motif of bacterial DNA (CpG-DNA) is a potent imiriunostimulating agent whose 
mechanism of action is not yet clear. Here, we used both DNA microarray and proteomic 
approaches to investigate the effects of oligodeoxynucleotides containing the CpG motifYCpG- 
ODN) on gene transcription and protein expression profiles of CpG-ODN responsive THP-1 cells 
.Microarray analysis revealed that 2 h stimulation with CpG-ODN up-regulated 50 genes and ' 
down-regulated five genes. These genes were identified as being associated with inflammation 
antimicrobial defense, transcriptional regulation, signal transduction, tumor progression cell ' 
dilrerentiation, proteolysis and metabolism. Longer stimulation (8 h) with CpG-ODN enhanced 
transcriptional expression of 58 genes. Among these 58 genes, none except one namely WNTI 
inducible signaling pathway protein 2, was the same as those induced after 2 h stimulation 
Proteomic analysis by two-dimensional gel electrophoresis, followed by mass spectrometry 
identified several proteins up-regulated by CpG-ODN. These proteins included heat shock 
proteins, modulators of inflammation, metabolic proteins and energy pathway proteins 
Comparison of microarray and proteomic expression profiles showed poor correlation Use of 
more reliable and sensitive analyses, such as reverse transcriptase polymerase chain reaction 
Western blotting and functional assays, on several genes and proteins, nonetheless, confirmed that 
there is indeed good correlation between mRNA and protein expression after CpG-ODN 
treatment. This study also revealed that several anti-apoptotic and neuroprotective related 
proteins not previously reported, are activated by CpG-DNA. These findings have extended our 
knowledge on the activation of cells by CpG-DNA and may contribute to further understanding of 
mechanisms that link innate immunity with acquired immune response(s). 
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1 Introduction 

Mammals protect themselves against pathogen infection pri- 
marily via innate and adaptive immunity |JJ. T"b e innate 
immune system relies on a set of pattern recognition receptors 
(e.g.. ToU-hJce receptors) to recognize foreign molecular struc- 
tures such as lipopolysaccbaride (LPS) and bacteria] DNA |2. 3). 
Innate immune cells recognize these molecular structures and 
initiate not only innate but also adaptive immunity by produc- 
ing immunomodulatory cytokines and activating T and B 
immune cells Bacteria] DNA can directly activate B cells to 

www.proteom>cs-jou>n:»l.de 



proteomics 7005, 5, 894-906 



I^:gfol3^irlp 895 



proliferate and secrete immunoglobulins in a T cell-in depend- 
ent manner [4-6). It also induces B cells and monocytes to 
activate transcription factor NF-kB and secrete cytokines, 
including interleukin ()L) 12, tumor necrosis factor a (TNF-a), 
and interferon ct/p {7-10]. The immunosu'mujatory activity of 
bacterial DNA has been assigned tounmethyiated CpG motifs 
(GACG J J for murine, GTCGTTfor human) [11). Recent evi- 
dence shows that synthetic oligodeoxynucleotides containing a 
CpG motif (CpG-ODN), like bacterial DNA with the CpG moi- 
ety (CpG-DNA), induce potent Thl-like immune responses 
that are protective against several infectious agents and 
immune disorders in animal models [1 2, 1 3J. Biologically active 
CpG-ODN, like bacteria DNA, activates macrophages and 
immature dendritic cells to increase expression of MHC class 
H and costimulatory molecules, thereby transcribing cytokine 
mRNAs, and producing pro-injQammatory cytokines including 
TNFa. IH, 1L-6 and 1L-12 [9, 14-16). CpG-ODN can therefore 
serve as an adjuvant and immunomodulatbr in vaccines 
against a wide variety of targets, including infectious agents, 
cancer antigens and allergens 1 17). 

It has been suggested that unmethylated CpG-DNA-medi- 
aled imrnune activation functions through a toll-like receptor 9 
(TLR9) signahng pathway |18J. Endocytosis and sequentially 
endosomal maturation as well as bmding of heat shock protein 
(HSP) 90 to CpG-DNA are essential for induction of TLR9 sig- 
nal transduction (19, 20). It has also been shown that recogni- 
tion of CpG-DNA causes TLR to form a dirrier, which recruits 
the adaptor molecule, myeloid differentiation factor 88 
(MyD88), through interaction between their C-temiinal Toll/IL- 
1R domains. This recruitment of MyD88 to the Toll/IL-IR do- 
main of TLR9 initiates a signaling pathway that sequentially 
involves lLlR-assoriated kinase 1 and TNF-a receptor-asso- 
ciated factor 6 |18, 21, 22). Studies using gene-deficient mice 
and RAW264.7 cells transiently tiansfected with dominant- 
negative forms of these molecules have indicated that the 
MyD88-mediated signaling pathway is essential for CpG-DNA- 
induced activation of NF-kB and c-Jun NH r tenrunal kinase 
(JNK), as well as subsequent production of cytokines in mono- 
cytic cells [18, 21 , 22). The precise mechanism of action of CpG- 
DNA and CpG-ODN, nonetheless, is scOl not thoroughly 
understood. To further elucidate the molecular events after 
binding of CpG-ODN to TLR9, in this study, we treated CpG- 
ODN responsive THP-1 cells with CpG-ODN and evaluated 
changes by using DNA microarray and proteomic approaches. 
We have discovered up- regulation of more than 50 disting- 
uished genes /proteins and identitied induction of several anti- 
apoptoric and neuroprotecting genes by CpG-ODN treatment. 

2 Materials and methods 
2.1 Reagents 

Phosphorothioote-modified CpG-ODN and GpCODN were 
synthesized by MDBio (Taipei. Taiwan). Human specific 
ODN sequences are: CpG-ODN, 5'TCG TCG TJT TGT CGT 
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TJT GTC GTT-3'; GpCODN, 5' TGC TGC TTT TGT GCT 
TIT GTG CTT-3\ The mouse specific CpG-ODN sequence is 
5YTCC AXG ACG TTC CTG ATG CT-3\ CHCA was from 
Sigma (St Louis, MO, USA)- 

2.2 Cell culture 

Cell lines were obtained from the American Type Culture 
Collection (Rockville, MD). Mouse RAW264.7 macrophage 
and human embryonic kidney 293 cells (HEK293) were cul- 
tured in DM EM- supplemented with 10% heat inactivated 
fetal bovine serum, 100 U/mL penicillin,, 100 pg/mL strep- 
tomycin sulfate, 200mmol/L I-glutajiririe, and 50 um p-mei- 
captpethanol in a humidified atmosphere of 5% C0 2 at 37°C 
The medium was changed every 2 days for all experiments. 
Human THP-1 monocytic leukemia cells, which have been 
shown, to express TLR9 and respond to CpG-DNA stimula- 
tion [23, 24], were cultured in RPM11640 with the same sup- 
plements as for RAW264.7 cell cultures. 

2.3 Human cDNA microarray 

Total RNAs extracted from cultured THP-1 cells were isolated 
with TRlzol (lnvitrogen, Leek, The Netherlands) and submitted 
to Genasia Biotechnology (Taipei, Taiwan) for further proces- 
sing. Jn brief, 4 jig of total RNA from CpG-ODN stimulated, or 
normal THP-1 cells was labeled with a fluorescence marker 
(U-vision, (Taipei, Taiwan)). Different colored fluorescence dyes 
(Cy5 and Cy3) were used to distinguish tota) RNA from normal 
and ODN stimulated cells. The labeled RNA was used for 
hybridization with the Human 1 cDNA microchip from Agilent 
Technologies (Palo Alto, CA, U SA). The chips were scanned and 
the expression pattern was analyzed using genechip software. 
Genes showing up- regulation or down-regulation of RNA levels 
were analyzed and identified on a genomic database as sug- 
gested by the manufacturer of the microchip. 

2.4 Protein preparation 

THP-1 cells were seeded in a 175 cm 2 tissue culture flask at a 
density of 10 6 ceUs per milliliter in culture medium. The cells 
were stimulated with or without 1.5 um CpG-ODN at defined 
times and harvested by centrifugation at 4°C, 1000 x g for 
I5min. CelJ pellets were washed twice with ice-cold PBS, 
resuspended and sonicated in extraction buffer containing 
25 mM Tris-HO {pH 7.5), 2mw p-mercaptoethanol and pro- 
tease inhibitor cocktail. After centrifugation at 10000 x gfor 
20 m in, ammonium sulfate was added to the supernatant until 
the final concentration readied 50% satmation w/v. The solu- 
tion was stirred at A C C for 30 m in and centrifuged at 30000 x g 
for 30min at"4°C. The supernatant fraction was then trans- 
ferred into a fresh tube, and the precipitaled protein pellet 
solubihzed in extraction buffer. To remove salts and other con- 
taminants, the extracts were treated with a pre -cooled (— 20"C) 
solution of 10% TCA in acetone with 0.07% p-meicaptoetha- 
nof Proteins were allowed to pie dpi tat e overnight at -20X. 
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After cenm'fugation; the pellet was washed with ice<old ace- 
tone, containing 0.07% ^mercaptoetharjoL The supernatant 
was discarded and the peDet dried m a SpeedVac system (Model 
AES1010; Savant, HoIbrook.NY, USA). 

2.5 2-DE 

2-DE was performed using an IPGphore 1EF and a Hofer 
DAIT vertical unit (Amersham Biosciences. Piscataway. NJ, 
USA). One milligram of dried protein sample was dissolved 
in 350 tiL of rehydration buffer solution, containing 7 m urea 
2 m thiourea. 4% w/v CHAPS, 5 mw tributyl phosphine, and 
2%. IPG and loaded onto an immobilized pH 3-10 linear 
gradient strip (18cm), followed by rehydration for 16h. IEF 
was then performed in the following manner 100 V for 
3.0min, 250 V for 30mm, 500V for 30min, 1000 V for ' 
30min, 4000 V for 30mm, 6000 V for 55 000 Vh. At the end 
of IEF, the IPG strips were equilibrated for 15 min in buffer 
containing 6 m urea, 2% w/v SPS, 30%v/v glycerol, and 
50 dim Tris, pH 6.8, then reduced with 65 mM dithiorery- 
. thritol (DTE) and subsequently alkylated with 135mM 
iodoacetamide for another 15 min. After equilibration, the 
IPG strips were immediately placed on top of a 12% SDS- 
PAGE (1.5 mm,. 20x24cm). The second dimension gels 
were then overlaid with molten 0.8% agarose solution in 
SDS electrophoresis buffer Electrophoresis was performed 
at 16°C, starting at 10mA per gel for 1 h, followed by 45mA 
per gel until the dye front reached the bottom of the gels. 

2.6 Staining and image acquisition 

Immediately after electrophoresis, gels were stained with 
SYPRO Ruby (Molecular Probes, Eugene, OR, USA). In 
brief, gels were fixed for 30min in 10% methanol, 7% acetic 
acid, and then stained overnight in SYPRO Ruby stain. The 
staining solution was removed and gels were washed in J0% 
methanol and 7% acetic acid for 3h. After staining, image 
acqmsrtion was carried out on a Typhoon 9200 (Amersham 
Biosciences). To identify a protein, spot detection, quantifi- 
cation and matching of 2-D results were analyzed using 
ImageMaster software (Amersham Biosciences). The M, of 
the proteins were calibrated according to the LMW-St>S 
Marker Kit (Amersham Biosciences), and their pi values 
were estimated from the position of the protein spots on the 
2-D gel and confirmed with the information supplied by the 
manufacturer. Since most of the pi values for the truncated 
proteins had not been reported previously, the p/ values of 
the truncated proteins were estimated from the position of 
the observed spots. To omit the variation due to the use of 
separate gels, after .background subtraction, the intensity 
levels of protein spots on each gel were normalized as a pro- 
portion of one reference spot, and protein quantities were 
calculated by integrating the density over the spot area Pro- 
tein spots that showed. reproducible modulation exceeding 
-80% after CpG-ODN treatment in thiee experiments were 
further analyzed by MS. 
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2.7 In-gel digestion with trypsin arid extraction of 
peptides 

Protein spots were excised from stained gels and .cut into 
pieces. In brief, gel spots were dehydrated with ACN for 
lOmin and dried in a vacuum centrifuge. Gel pieces were 
reswelled with 55 mw DTE in 25 m M ammonium bicarbon- 
ate (pH 8.5) at 37X for 1 h. The solution was then exchanged 
with alleviation solution, which contained 100 mM iodoaceta- 
mide in 25 mM ammonium bicarbonate (pH 8.5), at room 
temperature for Ih. After- aJJcylation, the gel pieces were 
washed twice with 50% ACN in 25 mu ammonium bicarbo- 
nate (pH 8.5) for 15 min. The wash solution was discarded * 
and the pieces of gel were dehydrated with ACN for lOmin 
and dried in a vacuum centrifuge. Tryptic digestion was 
imbated by resweltmg the gel in 25 m* ammonium bicar- 
bonate solution with 25 ng of trypsin (Promega, Madison 
WI, USA). After incubation at 37"C for 16h, tryptic peptides 
were extracted twice with- 50% ACN containing 5% formic 
acid for 15 min with moderate sonication. The extracted 
solutions were pooled and evaporated to dryness in a vacuum 
centrifuge. The dried peptide mixture was dissolved in 0.1% 
fornix acid and used for MS. 

2.8* MALDI-Q-TOF MS and protein identification 

Tryptic peptides analyses were performed using a Micromass 
Q-TOF Ultima MALDI (Micromass, Wytherishawe, U.K.) 
equipped with a 337 nm nitrogen laser and operated in 
reflectron positive ion mode. Peptide mixtures (1 uL) were 
premixed with 1 pi of the matrix (5 mg CHCA in 50% ACN 
with 0.1% TFA) then spotted onto the MALDI target plate. 
Mass spectra were acquired for the mass range of 900- 
3500 Da and the individual spectra from MALDI MS or MS/ 
MS were processed using the Micromass MassLynx 4.0 soft- 
ware. The generated peak list files were used to query the 
Swiss-Prot database using the MASCOT program {http:// 
www.matrixscience.com) with the following parameters: 
peptide mass tolerance, 50ppm; MS/MS ion mass tolerance, 
0.25 Da; allowance of missed cleavage, 1; and consideration 
for variable modifications such as oxidation of methionine 
and carboxyamidomethylation of cysteines. Only significant 
hits as defined by MASCOT probabdity analysis were con- 
sidered initially. In addition, when the PMF matches were 
between 5 and 9, at least one peptide sequence was manually 
checked by MALDI MS/MS analysis. 

2.9 RT PCR analysis 

cDNA fiom THP-1 cells was produced with Superscript II 
reverse transcriptase (lnvitrogen) using a oligo{dT) 15 primer 
for 1 h at 42-C PCR of cDNA was performed using specific 
primers for the gene of interest and control (J-actin. All PCR 
products were electrophoresed on a 1.5% agarose gel, and 
DNA bands weie visualized by staining the gel with ethi- 
diurn bromide. 
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2.10 immunoblotting 



3 Results 



Human THP-1 or mouse macrophage RAW264.7 cells 
(5 x 3 x lO^/well) were cultured in a six-well culture 
plate and treated with or without 1.5 um CpG-ODN for 
the designated times. After stimulation, cells were harvest- 
ed by cmtrifugation at 1000 x g for ISrniri in a refri-. 
gerated centrifuge and washed twice with cold PBS buffer 
The. cells were Jysed on ice for iS.min with 300 uL lysis 
bufTer (Pierce, Rockford, USA), supplemented with pro- 
tease inhibitor cocktail (Sigma). The lysates were cen- 
trifuged at 12000 x g for 15min at 4 D C, and protein 
concentrations of supernatant were determined using the 
Bio-Rad Protein Assay (Hercules, CA> USA). The lysates 
(50 ug of protein/lane) were subjected to 12% SDS-PAGE 
and transferred to NC membranes (Amersham Bio- 
sciences). The membranes were blocked in PBS-0.1% 
Tween 20 (PBST) containing 5% non-fat skim milk at 
room temperature for 1 h, followed by staining with anti- 
ADP-ribosylation factor 3 (ARF-3) monoclonal antibody. 
(0.1 ug/mL; Sigma)- The membranes were then incubated 
with horseradish peroxidase-conjugated secondary anti- 
body (dilution, 3:3000) for 1 h. After washing three times 
with PBST, specific bands were detected by chemilumi- 
nescence according to the manufacturer's protocol 
(Amersham Biosciences). ....■* 

2.11 Cell tronsfection and lucif erase assay 

HEK293 cells (5 x 3 x 10 6 /well) were transfected using 
PuGENE6 (Roche Molecular Biochemical s, Indianapolis, 
IN, USA) plus 0.1 ug p5xNF-KB-Iuc (Stratagene, La Jolla, CA, 
USA), 0.05 ug pCDNA3.1-0-gaiactosidase, and pCDNAJ.l- 
hTLR9 overnight The cells were incubated with or without 
1.5 um CpG-ODN for 8h and then lysed. NF-kB luciferase 
activity assays were performed as recommended by the 
manufacturer (Promega). p-galactosidase activity was used to 
normalize the data. 

2.12 Enzyme activity assay 

Pyruvate kinase activity was assayed in a solution (1 mL) 
containing lOOmM Tris-HCl (pH 8.0), 100mM KG, lOmM 
MgCl 2 , 0.2 mM NADH, lOmw PEP, 1.5 mM ADP, lunit of 
lactate dehydrogenase, and an appropriate amount of cell 
lysate from CpG-ODN untreated or treated THP-1 cells. The 
reaction was monitored at 30°C for a period of time by 
measuring the decrease in absoibance at 340 nm. PGK ac- 
tivity was assayed in a coupled reaction with glyceraJdehyde 
3-phospbate dehydrogenase (GAPDH) as described by Lee 
[25). In brief, the assay was performed 3t 30°C in a total vol- 
ume of 1 mL containing lOOmM Tris-HCl (pH 7.9), lOmw 
Mg0 2 , 0.15 mM NADH, 2rnM ATP, 6mM 3-phosphoglyce- 
rate, 0.1 mg/mL BSA, 50 mg of GAPDH, and an appropriate 
amount of cell lysate. NADH consumption was monitored at 
340 nm. 



3.1 Effect of CpG-ODN on gene expression profiles of 
human THP-1 cells 

To elucidate the effect of CpG-ODN on gene expression, 
THP-1, a cell line known to express TLR9 and respond to 
CpG-DNA (23, 24) was cultured with or without CpG- 
ODN. Since preliminary experiments showed that 1.5 mm 
CpG-ODN caused more contrasting results between nor- 
mal and CpG-ODK treated cells, 1.5 um CpG-ODN was 
used throughout the experiments. To distinguish CpG- 
ODN treated samples from the control, total cellular RNA 
of normal and CpG-ODN treated cells was isolated and 
labeled with the fluorescence dyes, Cy5 and Cy3, respec- 
tively. The labeled RNA was then used for hybridization 
with a Human 1 cDNA microchip from Agilent Technol- 
ogies. Of the 13 000 human . genes- represented on the 
gene array, a total of .55 genes changed expression sign- 
ificantly after 2h CpG-ODN treatment. Among these, 
50 genes were up-regulated while five genes were down- 
regulated by a factor > 2. These genes were sorted by 
functions and are listed in Tables 1 and 2. They included 
notably, 1L-18 receptor accessory protein, MSG A beta 
gene, thioredoxin, pro-pol-dUTPase polyprotein, Spl40, 
connexin 59 gene, Grbi-Iike 2, en oyl- coenzyme A hydra- 
tase, propionyl coenzyme A carboxylase, cytochrome P450, 
and WNT1 inducible signaling pathway protein 2 (WISP- 
2) etc. The function of these genes are known to be relat- 
ed to inflammatory responses,, antimicrobial defense, 
transcriptional regulation, intracellular signal transduc- 
tion, tumor progression, cell differentiation, proteolysis 
etc. 

Table 1. Genes up- regulated (> 2 fold) in human THP-1 cells after 
2 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Geneb3nk 
number 



Inflammation and receptor 

IL-78 receptor accessory protein AF077346 

T cell receptor V beta gene X58806 

MGSA, beta gene U03019 

Antigen gene (PA, M2 1896 

TIED NM_004791 

Platelet activating receptor AF002986 

Antimicrobial defence 
Thioredoxin 

Pro-Pol-dUTPase polyprotein 
Nuclear body protein Sp140 

Transcriptional regulation 

Putative transcription factor LUZP AI986271 

General transcription factor II, t, pseudogene 1 AI700706 

Connexin 59 gene L29277 

Basic helix-loop-helix protein class B 1 AF221520 
(BHLMB1) 



NM_003329 

AC004748 

U63420 
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Table 1. Continued 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



. Regulatory protein 
Advillin 

Channel and transport 
Small GTP binding protein Rab9 
FXYD domain-containing ion transport 
regulator 1 

Signal transduction 

SH3-domain Grb2-»ike 2 
Titin 

Titin associated protein (165 kD protein) 
KIAA1451 protein 

Vasoactive intestinal peptide receptor 

Enzyme and protease 

Enoyl-Coenzyme A, hydratase 

Nephrin, B-type metallocarboxypeptidase 

Propionyl Coenzyme A carboxylase 

Acyloxyacyl hydrolase (neutrophil) 

Cytochrome P450 

Intestinal alkaline phosphatase 

Tumor progression and cell differentiation 

. Retinoblastoma V 

Human genomic DNA of 9q32 anti-oncogene 
of flat Epitherium cancer, 
segment 6/10' 
WNTt inducible signaling pathway protein 2 
(WISP-2) 

Structure protein 

Collagen, type IV, alpha 6 
Beta Myosin heavy chain 

Other 

Homo sapiens Cri-du-chat region mRNA, 

clone NIBB11 
Human mRNA for larninin alpha 5 chain, 

partial cds. 
NIK like and Thyroxin-binding 

globulin precursor 
Hypothetical protein DKFZp434M0331 
Hypothetical protein FU1 1021 similar j 

to splicing factor 
Hypothetical protein 
Chromosome 18 open reading frame 1 
Arfopiin 1 

Zinc finger protein 8 1ZFP8) 
Zinc finger protein 137 (clone pHZ-30) 
Olfactomedin related ER localized proiein 
Cyclin-dependenl kinase 8 
Integrin, alpha 1 
KIAA0421 protein 
KIAA1233 protein 
Unnamed protein product 
NBL4 

BC33U91 1 



AF041449 



U44103 
AI125364 



AF036268 

X90568 

X69089 

AB040884 

U11087 



A! 8005 53 

U65090 

AB011145 

M62840 

U79716 

M31008 



L11910 

AB036268 



AF 100780 



D21337 
M58018 



U52827 

AB0100S9 

283850 

AL137720 
AK023985 

AL049851 

NM_004338 

AW408785 

M29581 

U09414 

AI738468 

BE467537 

D87462 

AB007881 

AB033059 

AK026362 

X75535 

AAD39268 
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Table 2. Genes clown, regulated (> 2 fold) in human THP-1 cells 
after 2 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Zinc-finger homeodomain protein 4 . V' . BAB03600 

Human protein kinase MEKK2b mRNA, AF239798 

complete cds. . 

GlypicariS U66G33 
Human genomic DNA, chromosome 22q 11.2, AP000362 

clone N75A 12. 

Collagen, type I, alpha 1 Z74&i5 



longer stimulation ofTHP^l cells with jCptODN (8h) 
resulted in the up-iegulation of 58 genes. These genes in- 
cluded notably IL-10 receptor beta, formyi peptide receptor- . 
lilce 1 (FPRL1), vitamin D receptor, nudeax receptor sub- 
family 1 (IxR), early B-cell factor; protein kinase C gamma 
(PKCJ, Ndc, Ash, phospholip'ase C binding protein (NAP4), 
phosphoriboxyl pyrophosphate amidotransferase, dishes 
eled 3, WISP-2 etc. Analysis of the functions of the 58 up- 
regulated genes showed that they are associated with anti- 
inflammation, transcriptional regulation, intracellular signal 
transduction, tumor progression, cell differentiation, pro- 
teolysis, neurodegeneration, neuroprotection etc (Table 3). 
We also found that the stimulation of THP-1 cells with CpG- 
ODN for different periods of times resul ted in different pro- 
files. Several defense related genes such as 1L-18 receptor 
accessory, protein, Pro-Pol-dUTPase polyprotein, Spl40 and 
connexin 59 were transiently up-regulated at 2h short stirn- 

Table 3. Genes up-regulated (> 2 fold) in human THP-1 cells after 
8 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-10 receptor (beta) •.- U08988 

Formyi peptide receptor-like 1 IFPRL1) AF081535 

Vitamin D receptor J03258 

NMDAR1 232774 

CD44 antigen AW028346 

Nuclear receptor subfamily 1 (LxR) NM_005693 

Neuromedin B receptor M73482 

Transcriptional regulation 

Early B-cell factor (ebl) AF208502 

Neurogenic differentiation 1 (NeuroD) AB018693 

MAX dimeri2nt'ron protein {NESH protein) AB037886 

Ribosomal protein S6 kinase AF090421 

ASH2L AB022785 
Regulatory protein 

Hypothetical protein DKFZp434H082O AL 137555 

Peroxisomal famesylnted protein X75535 

L7BP4 * AF051344 

Neuronal pcntraxin II U29195 
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Table 3. Continued 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Channel and transport 

Gamma-aminobutyric !61 J A receptor IMML00496 1 

ATP synthase subunit F6 ' M37104 

transient receptor potential channel 1 Z73903 

Choroideremia (Rab escort protein 1) X57637 

Signal transduction 

Protein kinase C, gamma Z15114 

Regulator of G-protein signaling 5 AI674877 

Nc(c, Ash and phospholipase C binding . AB005216 
. protein I NAP4) 

Highly similar to adeylate kinase gene ABO 16886 
Enzyme and protease . 

Phenylalanine hydroxylase AA203389 

CarboxypeptidaseAl X67318 

Xylulokinase AK001205 

Pancreatic lipase J05125 

Ubiquitin specific protease 12 AF022789 . 

Transmembrane protease, serine2 U75329 

Aspartate bata-hydroxylase U03109 

Phosphoribosyl pyrophosphate D 13757 
amidotransferase 

Tumor progression and cell differentiation 

CDC23 AF053977 

WISP-2 AF100780 

Microsemirto protein, beta M34376 

Dishevelled 3 NM_004423 
Structure protein 

Trichohyalin L09190 

Kertain AF061809 
Other 

Human transferrin pseudogene M22376 

TIMP-2 U44383 

Collagen-like protein U67921. 

Human genomic DNA, chromosome 2lq, AP001716 
section 60/105 

Human genomic DNA, chromosome 21q, AP001720 

section 64/105 

KIAA0136 D50926 

KIAA0379 AB002377 

KIAA0489 AB007958 

KIAA1114 J AL049732 

KIAA1451 AB040884 

KIAA0756 AB018299 

Zinc finger protein 267 AF220492 

Hypothetical protein FU10633 AK001495 

Hypolhetical protein EUROtMAGE 1955967 AK026108 

Mybl homolog like 1 AK001893 

Antizyme inhibitor D88674 

Disintegrin-like and metalloprotease AB002364 

treprolysin type) with "fhrombospondin 

type 1 motif, 3 

ADP-ribosylation factor 3 (ARF-3) M74491 

Testis specific protein, Y- linked M98525 

Unnomed protein AK026042 
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Table 4. List of antimicrobial and anti-inflammatory genes 
modulated by CpG-ODN treatment of THP- 1 cells 



Gene name 


Genebank 


Expression fold 




number 










2b 


8h 


Connexin 59 gene 


L29277 


2.12 i 0.05 


1.74 ± 0.08 


It- 18 receptor 


X58806 


2.32 ± 0.21 


1.19 ±0.13 


accessory protein 








lot eg r in, alpha 1 


X68742 


2.01 ± 0.03 


1.05 ± 0.10 


Nuclear body protein 


U63420 


2 r 22±0.11 


1.39 ±0.04 


Sp140 








Pro-Pol-dUTPase 


AC004748 


2.33 ±0.18 


0.95 + 0.03 


polyprotein 








Thioredoxin 


NM_003329 


2.20 ±0.08 


1.07 ± 0.01 


FPRLi 


AF081535 


0.95 Zl 0.06 


2.13 ±0.11 


IL-10 receptor 


U08988 


1.22 ± 0.18 


2.21 ± 0.07 


txR 


NM_005693 


0.90 it 0.03 


2.37 ±0.31 


Vitamin D receptor 


J03258 


1.37 ±0.23 


2.39 ±0.11 



Expression fold is designated as the ratio of CpG-ODN treated 
over control 



uhtion but were down-regulated thereafter, -while antj- 
inflaramatory associated genes such as FPRL1, 1L10 recep- 
tor, vitamin D receptor and LxR were up-regulated after 8h 
stimulation {Tables 1, 3 and 4). 

3.2 Verification of the microarray results with RT-PCR 
or Western blotting 

To verify the results from the microarray analysis, we also 
performed RT-PCR on the up-regulated genes (Fig. 1). Con- 
sistent with results obtained in the microarray gene expres- 
sion analysis, RT-PCR studies showed that the rnRNA levels 
of some selected genes, including ubiquitin specific pro- 
tease 12, regulator of G-piotein signaling 5, NAP4 and 
ASH2L, were increased in response to CpG-ODN (Fig. 1, 
Table 3). In addition, the protein expression level of ARF-3 



GpC-ODN 



CpG-ODN 



Ubiquitin specific 
protosso 12 
Regulator of G- 
protein signalimj 5 

NAP4 




Figure 1. Induction of various genes by CpG-ODN. THP1 celts 
were stimulated with medium atone, 1.5 pM GpC-ODN (as the 
negative control) or CpG-ODN for the indicated limes.- RT-PCR 
was then performed to analyze gene expression levels, p^acrin 
was used os an internal control. The experiment was repeated 
three times with similar results. 
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Untreated 



ARF-3 



Actin 




Figure 2. CpG-ODN induced ARF-3 protein expression in human 
THP-T or mouse RAW264.7 cells. THP-1 (A) or mouse RAW264.7 
IB) cells were incubated whh 1.5 *im CpG-ODN for the indicated 
tim* points. The protein expression level of ARF-3 was deter- 
mined by Western blotting of cell extracts using anti-ARF-3 anti- 
body- The experiment was repeated three times with similar 
results. 

was shown to increase in Western Wotting analysis in eel] 
lysates from THP-] ceDs treated with CpG-ODN for 8-24 h 
(Fig. 2A). Similar studies showed that the ARF-3 protein was 
also induced by mouse specific CpG-ODN in other TLR9 
expression cell lines such as the mouse macrophage 
RAW264.7cell line (Fig 2B). 

3.3 Proteins regulated in CpG-ODN stimulated THP-1 
cells 

To further assess whether there was any correlation between 
regulation of gene expression and expression of cellular pro- 
teins, a proteomie approach was adopted to identify protein 
expression profiles. THP-1 cells were treated with CpG-ODN 
for defined times (from 8 to 40h), and their cytoplasmic 
proteins were extracted for 2-DE analysis. Although the use 
of high concentrations of urea might give us a broader view 
of all the proteins affected by CpG-ODN, preliminary results 
from 2D gels showed that the resolution of the protein mix- 
tures were not satisfactory. To improve and get the best reso- 
lution from 2-DE, total proteins were roughly separated into 
supernatant and precipitated fractions using 50% saturated 
ammonium sulfate solution. To remove salts and other con- 
taminants, both protein fractions were precipitated with TCA 
solution and then subjected to 2-DE. By protein spot deter- 
mination analysis, about 500 and 450 well-resolved spots 
were observed on each pH 3.CM0.O gel for precipitated or 
supernatant fractions, respectively. Comparative analysis of 
2-DE between treatments and control showed that the inten- 
sities of the protein spots from the ammonium sulfate pre- 
cipitated fraction did not change, while several protein spots 
were up-regulated by at least -80% in the supernatant frac- 
tion of 8h CpG-ODN stimulated THP-1 cells (Fig. 3). 

The protein spots were individually excised from gels for 
further identification. After trypsin digestion, several protein 
spots were identified without ambiguity by MS MA ID I - 




Figure 3. The effect of CpG-ODN on the 2-DE profile of THP-1 
cells. THP-1 cells were treated with or without 1.5 mm. CpG-ODN 
for 8 b- Total proteins were extracted and roughly separated into 
two fractions by 50% saturation with ammonium sulfate. The 
supernatant fraction was then separated by 2-DE. Protein spots 
were visualized by SYPRO Ruby staining. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. Protein spots were 
identified by trypsin digestion and MS. Localization of protein 
spots 1 tenoly-coehzyme A hydratase;, 2 (proteasome a) and 3 
icyclophilin A; two isoforms) are shown. The experiment was 
repeated three times with similar results. 

TOF. These proteins included HSP60, HSP90, cyclophi- 
lin A, enoyl- coenzyme A hydratase, eukaryotic translation 
elongation factor, proteasome or and p chain and ATP syn- 
thase beta chain {Table 5). Similar experiments on cells 
treated for a longer period of time with CpG-ODN stimu- 
lation (25 h) revealed that 27 protein spots were changed in 
intensity by at least -80%. These protein spots contained 
members of HSPs {HSP27, hsc70, grp73 and grp94), 
metabolic enzymes (phosphogly cerate kinase (PCK) and 
pyruvate kinase (PYK)), macrophage capping protein and 
cyclophilin A (Table 6). Among these proteins, macrophage 
capping protein, PGK, PYK, cyclophilin A and HSP27 
(Figs. 4 and 5A).were found to be up-regulated. Interest- 
ingly, we found that a truncated form of grp78 with an 
expected mass of 25 kDa and pi of 5.3 was up-regulated 
while grp78 itself was down- regulated. A similar situation 
was also found for grp94 and hsc70 and their truncated 
derivatives (Table 7 and Fig. 5). In addition, we also ob- 
served six down-regulated protein spots on 2-D gels in 
samples after 25h CpG-ODN treatment. Among these six 
proteins, we have successfully identified three as 40s ribo- 
somal protein SA. grp78 and lis c 70, respectively (Table 6), 
while the other three, due to their relative low abundance, 
have not been identified yet. 
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Table 5. List of proteins modulated by 8 h CpG-ODN treatment 



Protein name 


Accession 


M, . 


P/ 


Matched 


Cover- 


Score 


Expression 




no. 


(theor.) 


(theor.) 


no. 


age% 




fold 


ATP synthase beta-chain 


gi1 14549 


56 525 


5.26 


16 


58 


171 


2.33 ± 0.06 


Cyclophilin A 


P05092 


17 870 


7.82 


5 


35 , 


62 


2.85 ± 0.13 


Enoyf-Coenzyme A 


954503447* r 35 971 


6.61 


11 


44 


62 


2.52 ±0.05 


hydrolase 
















Eukaryottc translation 


gi4503481 


50 087 


6.25 


6 


25 


68 


3.41 ±0.21" 


elongation factor 
















HSP60 


P10809 b} 


57 963 


5.24 


13 


27 


76 


2.78 ± 0.03 


HSP90-bela 


P08238 


83 133 


4.97 


10 


18 


65 " 


2.36 ±0,10 


Proteasome a chain 


gi4506181 


' 25 882 


6.92 


11 


59 


80 


2.52 + 0.11 


Proteasome B chain 


g»4506193 


26 472 


8.27 


9 


46 . 


84 


3.85 ± 0.17 



Expression fold is designated as the ratio of CpG-ODN treated over control 
a). NCBI accession number 
. b) Swiss-Prot accession number 



Table 6. List of proteins modulated by 16 and 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot M T 




Match- 


Cover- 


Score 


Expression fold 




no; 


(theor.) 


(theor.) 


ed no. 


age% 




16h 


25h 


Cyclophilin A 


P05092 


17 870 


7.82 


5 


35 


62 


2.53 ± 0.02 


2.48 ±0.15 


78kDa glucose regulat- 


P11021 


72 288 


5.07 


13 


30 


148 


0.61 ±0.04 


0.29 ± 0.06 


ed protein (grp78) 


















HSP27 


P04792 


22 768 


5.98 


12 


59 


124 


1.00 ± 0.01 


2.61 ± 0.12 


Heat shock cognate 


P1 1142 


70 854. 


5.37 


16 


34 


114 


0.64 ± 0.01 


0.31 ± 0.03 


70kDa protein 


















thsc70) 


















Macrophage capping 


P40121 


38 494 


5.88 


9 


30 


58 


1.31 ±0.01 


2.58 ± 0.03 


protein 


















Phosphoglycerate 


P00558 


44 284 


7052 


11 


33 


71 


2.32 ±0.11 


4.23 ± 0.19 


kinase 


















Pyruvate kinase 


P14618 


57 710 


7.95 


17 


32 


114 


1.65 ± 0.07 


2.70 ± 0.12 


40s ribosomal protein 


P08865 


32 833 


4.79 


5 


23 


61 


0.33 ± 0.02 


0.35 ± 0.05 



SA (RSP40) . 



Table 7. List of truncated proteins detected in THP-1 cells after 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot 






Matched 


Cover- 


Score 


Expression 




no. 


fobs.) 


lobs.) 


no. 


age 




fold 


94 kDa glucose- regulated 


P14625 


; -59 700 


-5.00 


12 


14 


104 


New 3 ' 


protein tgrp94) 
















Truncated form of grp78 


P11021 


-25000 


-5.30 


12 


22 


75 


New 


Truncated form of hsc70 


P11142 


-22 000 


-5.80 


12 


20 


96 


New 


Truncated form of hsc70 


P11142 


-19 000 


-6.10 


11 


18 


113 


New 



o) New designated proteins detected in the CpG-ODN treated gel but not in the corresponding control gel 



of genes and their corresponding proteins (Table 8), sug- 
gesting that more in-depth studies were needed. To further 
evaluate whether changes observed in protein expression 
correlated with changes in mRNA levels, we randomly chose 
two proteins (PGK and PYK) that were induced after 16h 
CpG-ODN treatment and determined their mRNA levels by 



3.4 Comparison of microarray and proteomic results 

Table 8 shows the expression of six genes and their corre- 
sponding proteins that were modulated by 8h treatment of 
THP-I ceJJs with CpG-ODN. Besides enoyl-coenzyme A 
hydra tase , there was poor correlation between the expression 
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Figure 4. 2-D gel clecuophoretic analysis of CpG-ODN-treated 
THP-1 cells. (A) Total cell protein from unstimulated THP-1 cells 
was subjected to 2-DE..IB) TUP- 1 cells were treated with or with- 
out 1.5 pM CpG-ODN for defined times. Cellular proteins were 
extracted and separated by 2-DE. Several up-regulated proteins 
are shown in the SYPRO Ruby staining gel. Comparison of CpG- 
ODN treated.THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. The experiment was 
repeated three times with similar results. 




F,9u,e 5 - 2 0 9 cl e'ectrophoretic analysis of CpG ODN-treated 
THP-1 cells. THP-1 cells were treated with or without 1.5 M m CpG- 
ODN to. defined rimes. Cellular proteins were extracted and 
separated by ?-DE. Protein spots were detected by SYPRO Ruby 
starting. IA) Expression ol HSP27 was induced by increasing the 
perrod of CpG-ODN stimulation. A truncated form ol hsc70 was 
detected on the gel. (B) The native four, of g tp 78 was detected in 
untreated cells, while the truncated lorrn ol gr P 78 was observed 
after 25h stimulation. The uxpciime/n was repented three times 
with similar results. 
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Table a Comparison of gene and protein expression levels in 
THP-1 cells after 8 h CpG-ODN treatment 



Protein name 



Gene Protein 

expression- expression 

fold from fold from 

microarray 2-D gel 



Enoyl-Coen2yme A hydratase 
Eukaryotic translation 

elongation factor 
HSP60 
HSP90-beta 
Proteasome a chain • 
Proteasome 0 chain 



1.72 ± 0.31 
0.95 ± 0.01 



2.52+0.05 
3:41 ± 0.21 



0.94 ± 0.07 2.78 ± 0.03 

1.58 + 0.11 2.3B±0.10 

0.98 ±0.03 2.52 ±0.11 

1.09 + 0.11 3.85 + 0.17 



RT-PCR. Our results showed that mRNA levels of PYX 
increased after 16h CpG-ODN treatment, while mRNA 
levels of PGK were, dramatically increased after 24 h stimu- 
lation (Fig. 6). In addition, we also performed enzyme activ- 
ity analysis and found that the activity of PGK and PYK were 



3.5 



3 2.5 



(A) 

DGpC-ODN 
B CpG-ODN 




_j — l — esi_f— 

4 8 
Time (h) 

Figure 8. Activities of PYK and PGK induced by CpG-ODN. THP1 
cells were stimulated with medium alone, 1.5 m m GpGODN (as 
the negative control) or CpG-ODN (or the indicated times. Cell 
lysotes were extracted and assayed tor (A) PYK and ID) PGK ac- 
tivities. Data represent mean i SEM. |n= 3). 
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Figure 7. Induction of PYK and PGK transcripts by CpG-ODN. 
THP1 cells were stimulated with medium alone, 1.5 *im GpC-ODN 
or CpG-ODN lor the indicated times. RT-PCR was then performed 
to analyze gene expression, fractin was used as an internal con- 
trol. The experiment was repeated three times with similar 
results. 



indeed increased by a factor ~2*5 after CpG-ODN stimula- 
tion (Kg. 7). To confirm that mRNA induced by CpG-ODN 
would also be accompanied by an increase in protein 
expression even though it was not detected hi 2-D gel analy- 
sis, we used more sensitive and specific Western blotting 
analysis. As shown.in Table 3. and Fig. 2, ARF-3 was identi- 
fied in the miaoarray gene profile but not in the proteomic 
expression profile. Nevertheless, we observed enhanced pro- 
tein expression of ARF-3 after CpG-ODN stimulation by 
Western blotting- Moreover, to investigate whether the up- 
regulation of ARF-3 by CpG-ODN is mediated through the 
TLR9 pathway, TLR9-deficient HEK2 93 cells were transiently 
cotransfected with hTLR9 and luriferase-reporter gene driv- 
en by a NF-rtB-dependent promoter. Our data showed that 
NF-kB activity of untransfected HEK293 cells were not 
responsive to CpG-ODN stimulation, while in transfected 
HEK293 cells expressing hTLR9, NF-kB luciferase activity 
was unregulated 12-fold after 8h CpG-ODN stimulation. 
The activation of NF-kB induced by CpG-ODN was blocked 
by. pretreatment of the transfected cells with an ARF-3 in- 
hibitor, such as brefeldinA (Fig. 8), suggesting CpG-ODN 
induces ARF-3 and activates NF-kB after the interaction of 
CpG-ODN with TLR9. 



4 Discussion 

In this study both microanay and proteomic approaches 
were used io evaluate the effect of CpG-ODN on gene/pro- 
tein expression profiles of TOP] cells at several time points- 
Comparison of the gene expression profiles showed thai 
stimulation of the cells with CpG-ODN for different periods 
of time resulted in different profiles (Tables 1-4). The differ- 
ences in mRNA expression between the cells with short and 
long stimulation could be attributable to the low reproduci- 
bility. However, to avoid experimental variations, we not only 
used the same batch of rniooarrays from the same manu- 
facturer but also applied the samples of short and long term 
stimulation at the same time. In this way, we found that the 



changes in expression fold of mRNA after CpG-ODN treat- 
ment were quite reproducible as shown by their mean 
± SEM (Table 4). A more likely explanation for the difference 
in the expression level of mRNA after different periods of 
stimulation with CpG-ODN is that the transient increase or 
decrease in these mRNA by CpG-ODN plays a significant 
role in modulating biological firnctions. For example, we 
found that the IL-18 receptor accessory protein from THP-1 
cells was unregulated after 2h of CpG-ODN stimulation. 
The 1L-18/IU8R system is known to activate Thl-mediated 
immune responses that play a critical role in host defense 
against infection [26]. Together with IL-18/IL18 R, several 
genes ibr antimicrobial defense were also increased, includ- 
ing mioredoxin, Pro-Pol-dUTPase ppryprotein and Spl40. 
After 8h of CpG-ODN stimulation, however, none of these 
genes was activated any more (Table 4). Since sustained or 
excessive production of these antimicrobiaj molecules might 
lead to inflammation and cellular damage [27], a plausible 
explanation is that THP-1 cells fight against the invasion of 
pathogens by up-regulating antimicrobial defense-associated 
genes at an early stage of stimulation and then shut them 
down to avoid over-activation. Whether this explanation is . 
true remains to be verified. 

It is noteworthy that our data also identified the up-reg- 
ulation of several anti-inflammatory associated genes after 
8h of CpG-ODN stimulation. These genes included FPRL1, 
1L-10 receptor, vitamin D receptor, arid LxR (Table 3). FPR 
and FPR LI have been defined as chemoracbc factors 
involved in host defense against bacterial infection and in the 
clearance of damaged cells. Additional studies have indicated 
that FRPL1 interacts with a menagerie of structurally diverse 
pro- and anti-inflammatory ligands associated with diseases, 
including amyloidosis, Alzheimer's diseases, prion disease 
and HIV (28, 29]. Therefore, FPRL1 may play an important 
role in regulating and/or balancing the production of pro- . 
and anti inflammatory molecules in CpG stimulated THP-1 
cells. Additionally, a recent study has demonstrated that LxRs 
and their ligands act as negative regulators of macrophage 
inflammatory gene expression and inhibit the expression of 
inflammatory mediators such as inducible nitric oxide syn- 
thase, cyclooxygenase and 1L-6 in response to bacterial 
infection or LPS stimulation [30). Of interest, we found that a 
transcription factor gene connexin 59, a regulator of JL-6 
expression, was up-regulated after 2 h of CpG-ODN stimula- 
tion. It is thus likely that CpG-ODN stimulation of THP-1 
cells for 2h may induce the expression of the pro-inflamma- 
tory cytokine JL 6 through the up-regulation of the connexin 
59 gene, while 8h of CpG-ODN treatment may counter- 
balance the initial inflammatory response by inducing LxR to 
inhibit JL-6 production- 
Signal transduction molecules play an important role in 
cellular activation. Intracellular signal transduction systems 
employing various intermolecular interactions through 
docking elements, including SH2 and SH3 domains; have 
been reported [31-33]. Here we found that THP-1 ceUs 
treated with CpG-ODN for 2h up regulated gene expression 
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of Crb2-like protein (which contains an SH3 domain), while 
8h of stimulation induced NcJc; Ash and phospholipase C 
binding protein (NAP4 which contains an SH2 domain) II is 
thus possible that Crb2-Ii)ce. protein and NAP4 may play 
important roles in CpG-ODN mediated signaJing pathways; 
Furthermore, recent studies have also revealed that binding 
of CpG-DNA to TLR? results in activation of JNK (34). Since 
JNK is activated by Ndc adaptor protein and Nclc interacting 
Jrinase [35, 36], it is possible that CpG-ODN may activate JNK 
«fl up-regulation of NAP4, Although a recent publication 
described the gene expression profiles of a cultured mouse 
. macrophage cell line after CpG-DNA stimulation (34), their 
.miaoarray results were only conducted at one time' point 
(6h stimulation). Moreover, they did not report the meas- 
urement of protein expression profiles in response to CpG - 
ODN stimulation. 

Comparison of the gene and protein expression profiles 
showed that there was discordance between mRNA and pro- 
tern levels fTableg). Similar discordance between the 
expression pattern of genes and proteins was also reported in 
other system using different stimuli |37-41). The dis- 
cordance between mRNA and protein levels could be due to 
screening capability such as detection sensitivity, choice of 
cut-off point, quantitativity of microarray and 2-D. gels, as 
well as time discrepancy between gene and protein expres- 
sion 139, 40, 42, 43]. Alternatively, it could also be explained • 
by posMrancriptional events, such as alternative splicing or 
PTM |39. 40, 42, 431. Another possible explanation is that 
most of the spots observed in the 2-D gels are isoforms of 
some proteins. /The intensity of each spots does not neces- 
sary represent total amount of a certain protein and thus 
does not correlate with its mRNA level. Our finding that 
microarray results correlated better with Western blottinP 
results (,.g., ARF-3 in Fig. 2), an approach more suitable than 
2-D gels for determining the total amount rather than iso- 
forms of a given protein, seems to suggest that formation of 
isoforms should be carefully taken inlo consideration when 
one tries to correlate mRNA and protein expression data. 

Using a proteomics approach, we found that CpG-ODN 
treatment up-regulated the expression of many proteins 
including HSPs, metabolic enzymes, structural proteins, as 
well as macrophage capping protein, cyclophilin and protea- 
some a and 0 chain rtt HSPs are the most aoundant and 
ubiquitous soluble intracellular proteins. They are up-regu- 
lated by various stressors including temperature, glucose 
depnvation, microbial infection and cancer [44]. They func- 
tion as molecular chaperones lo prevent protein aggregation 
and contribute to the folding of nascent and altered proteins 
In addition, they are able to regulate immune responses* 
mcludmg production of inflammatory cytokines and die- 
moldnes and activation or maturation of immune cells [45 
46]. Beside HSPs, cydophilin as well as proteasome a and 0 
chain have also been reported to be involved in the immune 
response {39, 47]; proteasome p chain is. consistently up- 
regulated m human neutrophils following LPS exposure 139) 
Our finding that the piotein levels of HSPs, cyclophilin and 
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proteasome a and p chain were increased after CpG-ODN 
treatment suggests that these molecules might play a role in 
the immunosnmulating effect of CpG-ODN. To what extent 
these proteins contribute to the immune responses of the 
cells to CpG-ODN is currently under study: Proteomic anal- 
ysrs also showed that truncated forms of grp7S\ grp94 and 
hsc70 were induced, a phenomenon similar to calreticulin 
observed by Richards and his coworkers [48J. Tne expression 
of full length hsc70 and grp78 were decreased while the 
levels of their truncated derivatives was increased after CpG- 
QDN treatment. These-resnlts suggest that the degradation 
of these proteins has been enhanced We also found that 
proteosome a and 0 chains as wefl as ubiquinn specific pro- 
tease 12 were increased by CpG-ODN. Whether these 
enzymes or other enzymes were responsible for the genera- 
tion of truncated hsc70 and grp78 remains to be eluddated 
Cells rely on multiple signaling pathways to determine 
their fates of survival, proliferation or apoptosis |49L In fact 
apoptosis plays an important role in regulating pathogen' 
infection. To be able to grow and replicate in the target cells 
pathogens may have to block apoptosis. Results from several 
laboratones have made it clear that HSP70 and HSP27 pro- 
tect cells not only from heat, but also from most apoptotic 
stimuli \4S, 50] by binding to Akt and subsequently mediat- 
mg anti-apoptotic activity through activation of Akt |51-53] 
Since our data revealed that CpG-ODN induced the expres- 
sion of HSP90 and HSP27, it is possible that CpG-ODN 
might prevent apoptosis by up-regulation of HSPs. 

Interestingly, our microarray data also showed that CpG- 
ODN mediated the induction of a set of genes associated 
with tumor progression and cell proliferation. Among these 
one gene, WISP-2, was up-regulated by CpG-ODN after both 
2 and 8 h stimulation. WISP genes were first identified as 
downstream targets of the WnMp-catemn signaling path- 
way. They belong to the CCN family of growth factors that 
have been receiving increasing attention lately due to some 
of the family members having been reported to be involved 
in angiogenesis and tumorigenesis [54J. It would be inter- 
esting to evaluate whether CpG-ODN plays a role in angio- 
genesis and tumorigenesis by regulating WISP-2. In addi- 
tion, we found that some genes associated with neurode- 
generation or neuroprotection, such as FPRLl, NMDAR 
(NM DA) receptor, PKC and dishevelled 3 were up-regulated 
To our knowledge, this is the first report to suggest an asso- 
ciation between these genes and CpG-ODN stimulation. As 
mentioned above, PPRLI plays a crucial role in proin- 
flammatory aspects of systemic amyloidsis and neurodegen- 
erative disease such as Alzheimer's disease and prion disease 
|28j. NMDAR, PKC and disheveled are involved in.modulat- 
ing amyloid precursor protein metabolism, which is central 
to the pathogenesis of Alzheimer's disease (55-57]. Most 
notably, recent studies have shown that the TLR4-dependent 
pathway is involved in neurodegeneration of the central 
nervous system [58]. Whether CpC-ODN moieties of patho- 
gens play any role in neurodegenerative diseases such as 
Alzheimer's remains to be elucidated. 
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Figure 8. ARF-3 participates in the CpG-ODN-TLB9-NF-icB path- 
way. HEK293 cells were cotransfected with p5xNF-»cB and human 
TLR9; After overnight transfection, the cells were incubated. with 
or without 1.5 mm CpG-ODN for 8 h in the presence or absence of 
increasing concentrations of the ARF-3 inhibitor brefeldiri A. 
After incubation, cells were lysed and NF-xB luciferase activity 
was measured. Data represent mean ± SEM. in = 3). 



Exposure of cells to LPS or microbial infection has been 
known to induce several genes encoding metabolic enzyme 
(34, 39). Our microarray data also revealed that a large number 
of genes encoding proteins involved in energy synthesis and 
fatty acid oxidation, such as en oy J- coenzyme A bydratase, 
pTopionyl coenzyme A carboxylase and cytochrome p450 
were activated by CpG-ODN treatment. In addition, we found 
that other proteins such as ARF-3 were up-regulated (Table 3, 
Fig. 8). ARFs are 20kDa GTPases of the ras super family that 
are critical to vesicular trafficking, including exocyb'c protein 
transport and endocytosis (59, 60J. This study demonstrates 
for the first time that ARF-3 is involved in the activation of NF- 
kB induced by CpG-ODN (as shown in Fig. 8) 

CpG-DNA/ODN has been shown to elicit primarily 
responses via the TLR9/MyD88 dependent pathway [18, 2), 
22]. Chromosome location analysis showed that instead of 
localizing on one or two chromosome, the genes/proteins 
modulated by CpG-ODN stimulation are scattered on all 
chromosomes except chromosomes 23 and 24. These results 
seem to suggest that CpG-ODN either affects multiple chro- 
mosomes simultaneously or subsequenlly via cascades of 
cellular messengers. More studies are needed to elucidate its 
mechanism of actions. 



5 Concluding remarks 

In summary, by using microarray and pioteornic approaches 
to evaluate the effect of CpG ODN at different rime points, 
we have found that genes/proteins regulated by CpG-ODN 



are related to inflammatory responses, antimicrobial defense, 
transcriptionaj regulation, intracellular signal transduction, 
tumor progression, cell differentiation, proteolysis, anti-apop- 
tosis as well as neurodegeneration and neuroprotection. Our 
results may help delineate the CpG-ODN mediated pathway 
and contribute to further understanding of mechanisms that 
link innate immunity with acquired immune response(s). 
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Institute of Medical Biochemistry, University of Oslo, Norway. 

wS^^ ceUulanocation of the Various 

cDNA probes, uJ ti ^^^^T A m d ' fferent testicu,ar cell types, using 
mRNA and protein^ ' ^ "T* measureme «ts. Amounts of 
germ cells (pachytenTspe^oc^ , Sert ° « cells, cultured peritubular cells, 
whole l^pmCjfS^ Leydi ^ Ce » - wCl'as 

between the amount of mRNA andS „L « ' re W3S 3 g °° d Nation 
of cell, such as germ cSS! „ P ^ immUn ° reaCtive P roteins - In °«w types 
amounts ^m^^^^T *J A W3S n0t ^ *• «■* ^ 
immunoreactive protSnwasTow Fule 1 ! & ^ Where * S the 301011111 ° f 

specific mRNAs for RfXa n 7 X wSn* ° f smal, - si ^, germ cell- 

developing rat testis after 30 t 40 dayfof a " t^hef ^ ^ 3,80 f0Und in «» 
only partially reflected at the proteinXvef P^w 86 maXmata ° fmRNA were 

spermatids were practically Lvo d of hi J ?f fT* S P e ™ atoc ^ es ^ Wand 
spermatid differentiation ^^l^^^^'F^ Du ™S 
protein. Cell specific distribution of the^L A *t ^ 30 ,ncrease in R « ^ 
described. !n some types of celi, dis £pS ^ *~ " 

demonstrated,, which clearly sueeesf roll Jl % I 30(1 protem were 

for some of these ntfW^^Sri^T^^ dlfF ^ ences * franslational efficiencies 
alpha m meiotic «.po^5SSS2 ^ W ^ ^ *" 

PMID: 8107013 [PubMed - indexed for MEDLINE] 
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Quantification of CK20 gene and protein expression in colorectal cancer 
by RT-PCR and inimunoliistocueaiistry reveals inter- and intratumoiir 
heterogeneity. 

jLassmannS , Bauer M , Soong R, Schreglmann J . Tahiti K . NalirigJ. RugerR. 
Hofler H. Werner M . 

Pathologisches [nstitut, Universitatsklinikum Freiburg, Albertstrasse 19, 79104 Freibure 
; Germany, lassmaon@ukl.uni-freiburg.de 

Cytokeratin 20 (CK20) is an epithelial protein expressed almost exclusively in the 
gastrointestinal (GI) tract and is widely used as immunohistochemical marker for routine 
diagnosis. In contrast, CK20 gene expression is not an established marker for the 
classification of tumours and the detection of disseminated cancer cells in colorectal 
cancer. Recently, real-time reverse transcriptase polymerase chain reaction (RT-PCR) has 
provided the means for reproducible and quantitative investigation of molecular markers 
This report d ir ectly compares CK20 mRNA and protein expression in serial sections of 
archival, formalin-fixed, paraffin-embedded (FFPE) colorectal adenocarcinomas. CK20 
expression was detected by immunohistochemistry (IHC) in 60/63 (95 2%) cases by 
conventional RT-PCR in 58/60 (96.7%) and by quantitative RT-PCR using the ' 
oo?o C /on^ r (LlghtC y cler is a trademark of a Member of the Roche Group) System in 
jJlil (90.6 / 0 ) microdissected cases, one case yielding variable results. Despite the high 
detection rate of all- three techniques, marked heterogeneity of CK20 expression was seen 
between different cases and also within individual cases. CK20 expression profiles were 
jrJS f0 P art ' CU,ar hist °P ath °logical features of the tumours. A good correlation (r = 
0.8964) was found between CK20 mRNA and protein expression by comparing 
quantitative RT-PCR with IHC in 32 cases. Tins was also true for selected heterogeneous 

TTJ^ W ' thin individual cases - Both RT - PCR IHC are therefore valuable tools 
tor CK20 detection m colorectal adenocarcinoma, with real-time RT-PCR providing 
supplementary quantitative information. This suggests a promising supportive role for 
quantitative RT-PCR m molecular pathology. Copyright 2002 John Wiley & Sons, Ltd. 

Publication Types: 

♦ Evaluation Studies 

PMID: .l 2237879 [PubMed - indexed for MEDLINE] 
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Expression of the multidrug resistance-associated protein (MRP) mRNA 
and protein in normal peripheral blood and bone marrow haemopoietic 
cells. 

Lcgrand O , Perrot JY , Tang R, Sitnonin G , Gurbuxani S, Zittoun R , Marie JP . 

Laboratoire de Cinetique et de Cultures Cellulaires, Hotel Dieu, Paris, France. 

We studied the expression of multidrug resistance-associated protein (MRP) in normal 
haemopoietic cells from peripheral blood and bone marrow. The MRP mRNA levels 
were estimated by RT/PCR and in situ hybridization (ISH) assay, and the protein levels 
by flow cytometry. 21 samples of peripheral blood and 21 samples of bone marrow (1 1 
normal bone marrow donors, 10 patients in complete remission after chemotherapy for 
large cell lymphoma or acute myeloid leukaemia) were analysed. In peripheral blood the 
mean MRP mRNA level in CD3+ cells was statistically higher than in the other cells (3- 
fold by the methods used). The levels of MRP in CD3+ varied from one individual to 
another (4.5-34.8 units by RT/PCR and 5-23 grains/cell by ISH); however, this was 
proportional to the variation in all the cell lineages of same individual (r = 0.84). In bone 
marrow the mean MRP levels of the various cell lineages (including CD34+) were 
similar to the basal level in HL60 cells. Individual expression levels were again variable; 
however, there was no difference between untreated normal bone marrow and post 
chemotherapy normal bone marrow. MRP protein expression was determined by flow 
cytometry with the monoclonal antibody MRPm6. The CD4+ lymphocytes exhibited a 
higher MRP protein expression than the other cell lineages, including CD8+ cells. There 
was a good correlation between the three methods used (RT/PCR and ISH, P '= 0.0001, r 
= 0.87; RT/PCR ahd flow cytometry, P = 0.0001 , r - 0.85; ISH and flow cytometry, P = 
0.002, r = 0.67): 



PMDD: 8757504 [PubMed - indexed for MEDLfNE] 
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Vascular endothelial growth factor enhances cardiac allograft 
arteriosclerosis. 

Lemstrom KB, Krcbs R , Nykancn AI . TiJkkanen JIM Sihvola RK Aaltola EM, 
Hayry PJ, Wood J , AlttaloiC Yla-Hcrttuala S . Kosldiicn PK . 

Cardiopulmonary Research Group, Transplantation Laboratory, University of Helsinki . 
and Helsinki University Central Hospital, Helsinki, Finland. Karl.Lemstrom@helsinld.fi 

BACKGROUND: Cardiac allograft arteriosclerosis is a complex process of alloimmune 
response, chronic inflammation, and smooth muscle cell proliferation that includes cross 
talk between cytokines and -growth factors. METHODS AND RESULTS: Our results in 
rat cardiac allografts established alloimmune response as an alternative stimulus capable 
of inducing vascular endothelial growth factor (VEGF) mRNA and protein expression in 
cardiomyocytes arid graft-infiltrating mononuclear inflammatory cells, which suggests 
that diese cells may function as a source of VEGF to the cells of coronary arteries. Linear 
regression analysis of these allografts with different stages of arteriosclerotic lesions 
revealed a strong correlation between inrragraft VEGF protein expression and the 
development of intimal thickening, whereas blockade of signaling downstream of VEGF 
receptor significantly reduced arteriosclerotic lesions. In addition, in cholesterol-fed 
rabbits, intracoronary perfusion of cardiac allografts with a clinical-grade adenoviral 
vector that encoded mouse VEGF(164) enhanced the formation of arteriosclerotic 
lesions, possibly secondary to increased intragraft influx of macrophages and 
neovascularization in the intimal lesions: CONCLUSIONS: Our findings suggest a 
positive regulatory role between VEGF and coronary arteriosclerotic lesion formation in 
the allograft cytokine microenvironment. 
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CHAPTER 29 
Regulation of transcription 



The phehotypic differences that distinguish the 
various kinds of cells in a higher euharyote are 
largely due to differences in the expression of 
genes that code for proteins, Lhat is, those tran- 
scribed by KNA polymerase JJ. jn principle, the 
expression of these genes might be regulated at 
any one of several stages. The concept of the 
"level of control* implies that gene expression 
is not necessarily an automatic process once it 
has begun. It could be regulated in a gene- 
specific way at any. one of several sequential 
steps. We can distinguish (at least) five poten- 
tial control points, forming the series: 



Activation of gene structure 
i 

In i tin Lion of transcription 
i 

Processing the transcript 

Transport to cytoplasm 
I 

Translation of jnRNA 

The existence of the first step is implied by 
">e discovery thai genes may exist in either of 
'wo structural conditions. Relative to the slue 
* most of the genome, genes are Jonnd'in 
J » active-" Mate in the cells m -which ihey* 
'-^ssed (see Chapter 27). The change ol 
^"finre is distinct from the act of ira.isrrip- 
[( <m, arid indicates that the gene is "transenb- 
* l >k-' This suggests that acquisition of the 
active* structure must be the first step in «cnc 
'-Mission. 

T ^'^criptien of a gRnr . in ,(■„: active >„'.le iiS 



controlled at the stage of initiation, Aat is by 
the interaction of RNA polymerase with its pro- 
moter. This is now becoming susceptible- to 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point; probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in cukary- 
otic cells, for example, via anulermmation 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end, and usually also by polyadenyla- 
Hon at the 3' end: Introns must be spliced out 
from the transcripts of interrupted genes The 
mature KNA must be exported from the nucleus 
lo the cytoplasm. Regulation of gene expression 
by selection of sequences at die level 0 f nuclear 
JINA might involve any or all of these stages 
but the one for which w C have most evidence' 
concerns changes in splicing; some genes are 
expressed by means of alternative splicing pat- 
terns whose regulation controls the type of pro- 
tein product (see Chapter 30). 

Finally, the translation of an mKNA in the cyto- 
plasm can be specifically controlled. There is little 
evidence for the employment of this mechanism in 
somatic cells, but it does occur in some 
embryomc situations, as described in Chapter 1. 
i he mechanism is presumed to involve the block- 
ing of initiation of translation of some mKNAs bv 
specifie protein factors. 

But having acknowledged that control of pene 
expression can occur at multiple stages "and 
th.-'t production of RNA cannot inevitably he 
t-'pwied with production of protein. ,1 is dear 
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848 I Chapter 29 



that the overwhelming majority of regulatory 
events occur at the initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryolic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



Response elements identify 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they share a promoter element that is recognized 
by a regulatory transcription factor. An element 
thai causes a gene to respond to such a factor 
is called a response element; examples are the 
. HSE (Ileal shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that- they recognize are 
summarized in Table 29.J. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 

extends for a short distance on either side of 
if 



• '. Table 29.1 Inducible transcription factors bind 
' response elements that identify groups of promoters 
'orenhancers subject to coordinate control... * 



Regulatory Agent Module Consensus Factor 

Heat ihoch USE CNNGAANN1CCNNG HSTF 

Glucocorticoid GRE 'IGG7ACAAA7GTTC*! Receptor 

Phorbolestet IRE 1GACTCA APt 

Swum SRE CCA7ATFAGG SfiF 



coimnon control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor, and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



genes under common 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the startpoinl, but are usually <200 bp upstream 
of it. The presence of a single element usually 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types of elements 
are typically found in one rather than the other: 
usually an USE is found in a promoter, while a 
GttE is found in an enhancer. We assume that 
all response elements function by the same 
general principle. A gene is regulated by a 
sequence at the promoter or cnfiancer that is 
recognized by a specific protein. 77ie protein 
functions as a transcription factor needed for 
UNA polymerase to initiate. Active protein is 
available only under conditions when the gene is 
to be expressed; its absence imam that the pro- 
moter is not activated by this particular circuit 

An example of a situation in which many 
genes are controlled by a single factor is pro- 
vided by the heat shock response. This is corn* 
mon to a wide range of prokaryotes and 
eukaryoles and involves multiple controls of 
gene expression: an increase in temperature 
turns off transcription of some genes, lurns on 
transcription of the heat shock genes, and 
causes changes in the translation of mRNAs. 
The control of the heal shock genes illustrates 
die differences between prokaryotic and 
cukaryoric modes of control. In bacteria, a new 
sigrna factor is synthesized that directs 
polymerase bolo enzyme h> recognize an alter* 
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Retinal preconditioning and the induction of heat-shock protein 27. 
LiY, RothS, LascrM, MaJX, Crosson CE . 

1 SSS^ O S^ aKA0B!f ' MCdiCal ^""^ ° f S ° Uth Car0,ina ' Char,est0 «. South 

oSll v H BriCf Pe " 0dS °i isfc p hemia have been show " <° protect the retina from 
potential y damaging penods of .schemia. This phenomenon has been termed ischemic 
precond.t.onmg or ischemic tolerance. In the present study the cellula^ change s t evels 
of heat shock prote.n (Hsp)27, -70, and -90 mRNA and expression of Hsp i ^ he^atreta 
associated with ischemic preconditioning were evaluated. ^OM-tol^^ST 

enlft fo" St 7 J \ mS fT "? Sp ^ D ^y «* «* ^ minute; S we 
then eft for 1 hour to 7 days, to allow the retina to reperfuse. Retinas were dissected the 
mRNA and protein isolated, and Northern and Western blot analyses c'nduc Xiect 
changes ln expression of Hsp27, -70, and -90. Immunohistochemical stu2s wte .tdTo 
-dent.fy retmal regions where Hsp changes occurred. Selected animals were sZcS to 
a second ischemic event, 60 minutes in duration, to correlate the changed SS of 
Hsp wxth functional protection of the retina from ischemic injury ReIu^sXcZoI 

^2^^^ HSP27 ' - 70 ' 3nd " 90 mIWAs - ™Se Five 

AIT l P™ ondlUo ™S> ^ V els of Hsp27 inRNA were elevated above control 
levels, and 24 hours later, mRNA levels increased 200% over basal levels Hsp27 

to^ZZ^ fT' UP t0 72 h ° UrS ^ ,he " ^ t0 « - Jo, . 
levels Hsp27 prote.n levels were increased by 200% over basal levels 24 hours after 

levels ZTof'r 5 ' femained ? U,iS leVCl f ° r 72 h ° UrS ' - d 0«* n ro. 

levels. In contrast no cons.stent change in Hsp70 or -90 mRNA or protein levels was 

observed during the course of the study. Immunohistochemica. s tudies demons^ that 

he increase m expression of Hsp27 was localized to neuronal and non-neuronaUells n 

he,nner layers of the retina. Electroretinography studies demonstrated a sZg 

correlation between the protection of retinal function from ischemic injury and the 

7^1 ^ °°r CLUSI0NS : TheSC r6SUltS Pf0Vide evide »- ^ induction 
o Hsp27 ,s a gene-spec.fic event assocated with ischemic preconditioning in the retina 

Thi increase ,n expression of Hs P 27 occurs in both neuronal and non-neufona reunT' 

eel s, and appears to be one component of the neuroprotective events induced by 

ischemic preconditioning in the retina. "'uucea oy 

PMID: 1 2601062 fPubMed - indexed for MEDLINE] 
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Euhanccd expression of arachidonic acid-scnsitivc tandem-pore domain 
pota SS ,un, channels in rat experimental acute cerebral ischemia. 

^ Pl °^ *n Penological significance of arachidonic acid-sensitive 
potassum channels, RT-PCR and Western blot analysis were used to inves S« e he 
express,o„ changes of TREK channels in cortex and hippocampus in n^S^Sil 
acute cerebral .schemia in this study. Results showed that TREK-1 and TRAAK^mRNTA 

ite lu ^Z ° CdUSi0n (MCAO) - ^ ^ 5.««rion level of 

H e all three channel subtypes increased significantly 24 h after MCAO in cortex and 

stow° e r PU T At ! - C S3me thC Pr ° tein eX P ressi0fls of a « ^ee chaS pSeins 
tS iT T mCrea r 24 h aftCr MCA ° * 30(1 hippocampus, but only 
TREK-1 showed mcreased expression 2 h after MCAO in cortex and hippocampus 
Immunolus tochem.cal experiments verified that all the three channel proteSad hinhcr 
express,o„ levels m cortical and hippocampa. neurons 24 h after MCAO ThLe resufe 
suggested a strong correlation between TREK channels, and acute cerebral i cTemTa . 
1 REK channels m.ght provide a neuroprotective mechanism in the pathological process. 

PMBD: 15652517 (PubMed - indexed for MEDLINE] 
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Iucreasiug expression of tissue plasminogen activator and plasminogen 
activator inhibitor type 2 in dog gingival tissues with progressive 
inflammation. 

Lindbcrg P, Kinnbv B . Lecander I Lang NP. Matsson L . 

Center for Oral Health Sciences, Malmo University, S-2I4 21 Malmo, Sweden 
pia.lindberg@od.niali.se 

Urokinase and tissue-type plasminogen activators (u— PA and t-PA) are serine proteases 
that convert plasminogen into plasmin, which degrades matrix proteins and activates 
metalloproteinases. The PAs are balanced by specific inhibitors (PAI- 1 and PAI-2) 
Local production of t-PA and PAI-2 was recently demonstrated in human gingival '• 
tissues. The aim now was to investigate the production and localization of t-PA and PAI- 
-2 in gingival tissues from dogs in three well-defined periodontal conditions- clinically 
healthy gingiva, clironic gingivitis and an initial stage of ligature-induced loss of 
attachment. At the start of the experiment the gingiva showed clear signs of 
inflammation. Clinically heaJUiy gingiva were obtained after 2 1 days period of intense 
oral hygiene. Attachment loss was induced by placing rubber ligatures around the neck of 
some teeth. Biopsy were taken from areas representing the different conditions and 
prepared for in situ hybridization and immuhohistochemistry. In clinically healthy 
gingiva both t-PA mRNA and antigen were expressed in a thin outer layer of the sulcular 
and junctional epitheha. No t-PA signals or staining were seen in connective tissue. Both 
mRNA signaling and unniunostaining for t-PA were stronger in chronic gingivitis In 
areas with loss of attachment, t-PA mRNA as well as antigen were found in the sulcular 
and junctional epitheha to a similar degree as in gingivitis. Occasionally the connective 
tissue was involved, especially in connection with vessels. PAI-2 mRNA was seen in a 
thin outer layer of the sulcular and junctional epithelia in clinically healthy gingiva but 
no S1 gnals were seen in connective tissue. PAI-2 antigen was found primarily in the 
outer layer of the sulcular and junctional epithelia. Some cells in the connective tissue 
were stained. In gingivitis, PAI-2 signals were mainly found in the same locations but 
more mtense and extending towards the connective tissue. Immunostaining was seen in 
the outer half of the sulcular and junctional epithelia as well as in the upper part of the 
connective tissue, close to the sulcular epithelium. In sites with loss of attachment PAI- 
2 mRNA was found throughout the sulcular and junctional epithelia, as was the antigen 
which stained intensely. No PAF-2 mRNA was seen in connective tissue; the antigen was 
tound scattered, especially near vessels. This study shows that the expression of both t- 
PA and PAI-2 increases with experimental gingival inflammation in the dog, and 
furthermore, the two techniques demonstrate a strong correlation between the 
topographical distribution of the site of protein synthesis and the tissue location of the 
antigens for both t-PA and PAI-2. The distribution correlates well with previous 
findings in humans. 
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Effect of duration of fixation on quantitative reverse transcription 
polymerase chain reaction analyses. 

Macabco-Onp M, Cinzinger PC . Pekker N . McMillan A . Regezi JA Wou C DT 
. Jordan RC . ' ' 

Oral Pathology, Department of Stomatology, University of California San Francisco 
California 94143-0424, USA. 

Increasingly, there is the need to analyze gene expression in rumor tissues and correlate 
these findings with clinical outcome. Because there are few tissue banks containing 
enough frozen material suitable for large-scale genetic analyses, methods to isolate and 
quantify messenger RNA (mRNA) from formalin-fixed, paraffin-embedded tissue 
sections are needed Recovery of RNA from routinely processed biopsies and 
quantification by the polymerase chain reaction (PCR) has been reported; however the 
effects of formalin fixation have not been well studied. We used a proteinase K-sal't 
precipitation RNA isolation protocol followed by TaqMan quantitative PCR to compare 
the effect offormalin fixation for 24, 48, and 72 hours and for 1 week in normal (2), oral 
epithelial dysplasia (3), and oral squamous cell carcinoma (4) specimens yielding 9 fresh 
and 36 formal in- fixed samples. We also compared mRNA and protein expression levels 
using immunohistochemistry for epidermal growth factor receptor (EGFR), matrix 
mecalloproteinase (MMP)-l, P 21, and vascular endothelial growth factor (VEGF) in 15 
randomly selected and routinely processed oral carcinomas. We were able to extract 
RNA suitable for quantitative reverse transcription (RT) from all fresh (9/9) and 
formalin-fixed (36/36) specimens fixed for differing lengths of time and from all (15/15) 
randomly selected oral squamous cell carcinoma. We found that prolonged formalin 
fixation (>48 h) had a detrimental effect on quantitative RT polymerase chain reaction 
results that was most marked for MMP-1 and VEGF but less evident for p21 and EGFR. 
Comparisons of quantitative RT polymerase chain reaction and immunohistochemistry 
showed that for all markers, except p21, there was good correlation between mRNA and 
protein levels. p21 mRNA was overexpressed in only one case, but protein levels were 
elevated in all but one tumor, consistent witb the established translation^ regulation of 
p21 . These results show that RNA can be reliably isolated from formalin-fixed, paraffin- 
embedded tissue sections and can produce reliable quantitative RT-PCR data. However 
results for some markers are adversely affected by prolonged formalin fixation times. ' 

PMID: 12218216 [PubMed - indexed for MEDLINE] 
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Id-1 and Id-2 are overcxprcsscd iii pancreatic caucer aud in dysplastic 
lesions in chronic pancreatitis. 

Maruyama H , KkefQ, Wildi S, Fricss H . Buchler MW . Israel MA . Korc M . 
Div|ion of Endocrinology, Department of Medicine, University of California, Irvine, 

Id proteins antagonize basic helix-loop-helix proteins, inhibit differentiation, and enhance 
cell proliferation. In this study we compared the expression of Id-I, Id-2, and Id-3 in the 
normal pancreas, m pancreatic cancer, and in chronic pancreatitis (CP). Northern blot 
analyse demonstrated that all tliree Id mRNA species were expressed at high levels in 
pancreat.c cancer samples by comparison with normal.or CP samples. Pancreatic cancer 
cell lines frequently coexpressed all three Ids, exhibiting a good correlation between Id 
mRNA and protein levels, as determined by immunoblotting with highly specific anti-Id 
anybodies. Immunohistochemistry using these antibodies demonstrated the presence of 
taint Id-1 and Id-2 immunostaining in pancreatic ductal cells in the normal pancreas 
whereas Id-3 .mmunoreactivity ranged from weak to strong..In the cancer tissues, many 
of the cancer cells exlubited abundant Id-1 , Id-2, and Id-3 .mmunoreactivity. Scoring on 
he basis of percentage of positive cells and intensity of immunostaining indicated that 
Id-1 and Id-2 were increased significantly in the cancer cells by comparison with the 
respective controls. Mild to moderate Id immunoreactivity was also seen in the ductal 
ce Is m the CP-l.ke areas adjacent to these cells and in the ductal cells of small and 
interlobular ducts in CP. In contrast, in dysplastic and atypical papillary ducts in CP Id-1 
and Id-2 .mmunoreactivity was as significantly elevated as in the cancer cells These 
findings suggest that increased Id expression may be associated with enhanced 
prohferative potential of pancreatic cancer cells and of proliferating or dysplastic ductal 
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Id-1 and ld-2 Are Overexpressed in Pancreatic 
Cancer and in Dysplastic Lesions in 
Chronic Pancreatitis 



Haruhisa Maruyama,* Jorg Kleeff,* Stefan Wildi,* 
Helmut Friess, 1 Markus W. Buchler* 
Mark A. Israel,* and Murray Korc* 

From the I>ivision of Endocrinology, Diabetes, and Metabolism*. 
Departments of Medicine, Biological Chemistry and 
Pharmacology, University of California, Irvine, California; the ' 
Department of Visceral and Transplantation Surgery? University 
of Bern, Bern, Switzerland; and the Preuss laboratory? 
Department of Neurological Sttrgety, University of California, 
San Francisco, California . 



Id proteins antagonize basic belix-loop- helix pro- 
teins, inhibit differentiation, and enhance cell prolif- 
eration. In this study we compared the expression of 
Id- J , Id-2, and Id-3 in the normal pancreas, in pan- 
creatic cancer, and in chronic pancreatitis (CP). 
Northern biot analysis demonstrated that all three Id 
nxRNA species were expressed at high levels in pan- 
creatic cancer samples by comparison with normal or 
CP samples. Pancreatic cancer cell lines frequently 
coexpressed all three Ids, exhibiting a good correla- 
tion between Id mJINA and protein levels, as deter- 
mined by immunoblottingwith highly specific anti-Id 
antibodies, lmmunohistochemistry using these anti- 
bodies demonstrated the presence of faint Jd 1 and 
ld-2 immujiostaining in pancreatic ductal cells in the 
normal pancreas, whereas ld-3 immunoreactivity 
ranged from weal; to strong. In the cancer tissues, 
many of the cancer cells exhibited abundant Id-3, 
ld-2, and Id-3 imnVunoreactiviry. Scoring on the basis 
of percentage of positive cells and intensity of immu- 
nostaining indicated that Id-1" and ld-2 were increased 
significantly in the cancer cells by comparison with 
ihe respective controls. Mild lo moderate Jd immuno- 
reactivity was also seen in the ductal cells in the 
CP-like areas adjacent to these cells and in the ductal 
cells of small and interlobular ducts in CP. In con- 
trast, in dysplastic and atypical papillary ducts in CP, 
Id-1 and Id- 2 immnno reactivity was as significantly 
elevated as in the cancer cells. These findings suggest 
that increased Id expression may be associated with 
enhanced proliferative potential of pancreatic cancer 
cells and of proliferating or dysplastic ductal cells in 
CP. (Ant J Pathol VJ*J% 155:81 5-822) 



Basic helix-!oop-helix (bHLH) proteins piay an important 
role as transcription factors in cellular development, pro- 
liferation, and differentiation: 1 - 2 The basic domain of the 
bHLHs is required for binding to an E-box DNA se- 
quence, thus promoting transcription of specific target 
genes. The HLH domain promotes dimer formation with 
various members of the bHLH protein family. n? Ho- 
modimers of the class B family of bHLH proteins, includ- 
ing MyoD, NeuroD, and numerous other proteins, are 
known to activate tissue-specific genes. 3 " 5 These tissue- 
specific bHLHs typically form heterodimers with widely 
expressed class A bHLHs, which include proteins en- 
coded by E2A,.E2-2, HEB, and other genes (also termed 
E-proteins). 6 ~ 9 These heterodimers activate transcription 
of genes that are associated with differentiation. 

Id genes encode a family of four HLH proteins that lack 
the basic DNA binding domain. 1 * 10 They act as dominant- 
negative HLH proteins by forming high affinity het- 
erodimers with other bHLH proteins, thereby preventing 
them from binding to DNA and inhibiting transcription of 
differentiation-associated genes. 10-12 Id gene expres- 
sion is down-regulated on differentiation in many cell 
types in vitro and/h wVo. 13 " 18 In addition, Id proteins seem 
to be required for cell cycle progression through G/5 
phase in certain cell types, and interaction between ld-2 
and pRB is associated with enhanced proliferation in 
some cell lines in vitro. 19-23 

Pancreatic cancer is the fifth leading cause of cancer 
death in. the United States, with a mortality rate that vir- 
tually equals its incidence rate. 24 This malignancy is often 
associated with the over expression of a variety of myo- 
genic growth factors and their receptors, and by onco- 
genic mutations of K-ras and inactivation of the p53 tumor 
suppressor gene. 25 We have recently reported that pan- 
creatic cancers overexpress the HLH protein ld-2, and 
that enhanced expression of this protein is evident in the 
cytoplasm of the cancer cells within the pancreatic tumor 
mass. 26 It is not known, however, whether the expression 
of other Id proteins is altered in this malignancy, or 
whether their expression is altered in chronic pancreatitis 
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(CP), an inflammatory, disease that is characterized by 
dysplastic ducts, loci of proliferating ductal cells, acinar 
cell degeneration, and fibrosis. 27 We now report that 
there is a five- to sixfold increase in ld-1 and ld-2 mRNA 
levels and a twofold increase in ld-3 mRNA levels in 
pancreatic cancer by comparison with the normal pan- 
creas. In contrast, overall Id mRNA levels are not in- 
creased in CP. 

Patients and Methods 

Normal human pancreatic tissue samples from 7 male 
and 5 female donors (median age 41.8 years, range. 
14-68 years), CP tissues from 13 males and 1 female 
(median age 42.1 years; range 30-56 years), and pan- 
creatic cancer iissues from 10 male and 6 female donors 
(median age 62.6 years; range 53-83 years) were ob- 
tained through an organ donor program and from surgi- 
cal specimens from patients with severe symptomatic 
chronic pancreatitis or pancreatic cancer. A partial 
duodenopancreatectomy (Whipple/pylorus-preservfng 
Whipple; n = 13), a left resection of the pancreas (n = 2), 
or a total pancreatectomy {n = 1 ) were carried out in the 
pancreatic cancer patients. According to the TNM .clas- 
sification of the Onion Internationale Contre le Cancer 
(UICC) 6 tumors were stage 1, 1 was stage 2, and 9 were 
stage 3 ductal cell" adenocarcinoma. Freshly removed 
tissue samples were fixed in 10% formaldehyde solution 
for 12 to 24 hours and paraffin-embedded for histological 
analysis. In addition, tissue samples were frozen in liquid 
nitrogen immediately on surgical removal and maintained in 
-80°C until use for RNA extraction. All studies were ap- 
proved by the Ethics Committee of the University of Bern, 
Bern, Switzerland, and by the Human Subjects Committee 
at the University of California, Irvine. California. 

Northern Blot Analysis 

Northern blot analysis was carried out as described pre- 
; viously. 26 28 Briefly, total RNA was extracted by the single 
step acid guanidinium thiocyanate phenol chloroform 
method. RNA was size-fractionated on 1.2% agarose/1.8 
rnol/L formaldehyde gels; electrotransferred onto nylon 
membranes, and cross-linked by UV irradiation. Blots 
were prehybridized and. hybridized wilh cDNA probes 
and. washed under high stringency conditions. The fol- 
lowing cDNA probes were used: a 979-bp human ld-1 
cDNA probe, a 440-bp human ld-2 cDNA probe, and a 
450-bp human ld-3 cDNA probe, covering the entire 
coding regions of ld-1, ld-2, and ld-3, respectively. A 
BamH\ 190-bp fragment of mouse 7S cDNA that. hybrid- 
izes with human cytoplasmic RNA was used to confirm 
equal RNA loading and transfer. Blots were then exposed 
at -00°C to Kodak BroMax-MS films and the resulting 
autoradiography were scanned to quantify the intensity ol 
the radiographic bands. 26 " 0 For each sample the ratio of 
Id mRNA expression to 7S expression was calculated. To 
compare the relative increase in expression of the re- 
spective Id mRNA species in the cancer and CP sam- 
ples, the same normal samples were used lor normal/ • 
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Figuie 1. mRNA expression of id-i, Jd-2, and ld-3 in pancreatic cancer and 
chronic pancreatitis. Total RNA (20 MfA»ne) from six normal, eiglu cancer- 
ous, and seven chronic pancreatitis tissue samples wei ^subjected 10 North- 
em blc* analysis using 32 P-labeled cDNA probes (500,000 cpm/ml) specific 
ror Id- J, Jd-2, and ld-3, respectively; A 7S cDNA probe (50,000 cpm/ml) was 
used as a loading and transfer control. Exposure times of the normal/cancer 
blots were 1 day for all Id probes, and 2 days for the nonnat/CP blots. 
Exposure lime was 4 hours for mouse 7S cDNA. By comparison with ihe 
normal samples, id-1 and ld-3 mRNA levels were elevated in 8 and 9 cancer 
samples, respectively, whereas Jd-2 wjts derated in 6 cancer samples. 

cancer and normal/CP membranes. The median score for 
ld-1, ld-2, and ld-3 mRNA levels in these normal samples 
was set to 100. Statistical analysis was performed with 
SigmaStat software (Jandel Scientific, San Raphael. CA). 
The rank sum test was used, and P < 0.05 was taken as 
the level ol significance. 

Cell Culture and Western Blot Analysis 

PANC-1, MIA-PaCa-2, ASPC-1, and CAPAN-1 human 
pancreatic cell lines were obtained from ATCC (Manas- 
sas, VA). COLO- 357 human pancreatic cells were a gift 
from Dr. R. S. Metzger (Durham, NC). Cells were routinely 
grown in DMEM (COLO-357, MIA-PaCa-2. PANC-1) or 
RPMI (ASPC-1. CAPAN-1) supplemented with 10% fetal 
bovine serum. 100 U/ml penicillin, and 100 /ig/rnl strep- 
tomycin. For imrnunoblot analysis, exponentially growing 
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Figure 2. Densitomeiric anal y> is of Northern blots. Autoradiog^phs of 
Northern blots bom 12 normal, 14 CP, and ]6 pancreatic cinters were 
analyzed by densitometry. mllNA levels wcie determined by calculating ibe 
ratio of d>e optical density Ini the respective Id mllNA species in relation to 
the optical density of mouse 75 cDNA. To comp^e the relative increase in 
expression of the respective Id mRNA species in die raiKer and CP samples 
the same normal samples were used for normal/cancer and normal/ CP 
membranes. Normal pjnoeatic tissue* are indicated by circles, CP tissues bv 
triangles, and cancer tissues by squares. Data aie expressed as median 
scores ± SJ). By comp:irison with ihe normal samples, only the cancer 
samples exhibited .significant inches: 6.,VI"old (P < 0.01) for Id- ) fivefold 
<P < 0.01.) for Jd2. and twofold ( P = 0 .027) for ld-3 1 



cells (60-70% confluent) were solubifized in lysis buffer 
containing 50 mmol/L Iris-HQ. pH 7.4, 150 mmol/L NaCI, 
1 mmol/L EDTA, I ; t g/ml pepslatin A, I mrnol/L phenyl- 
• rnelhylsullonyf fluoride (PMSF). and 1% Friton X- 100. Pro- 
leins were subjected lo sodium dodecyl sulfate polyacryt- 
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Frgure 3. Id mRNA and protein expression in pancreatic cancer cell lines. 
Upper panels: Total UNA (20 >ig/rane) from > pancreatic cancer cell lines 
w ere subjected to. Northern blot analysis using VP-labeled cONA probes 
(500,000 cpm/ml) specific for Id-l. Jd-2, and ld-3, respectively. Exposure 
times were 1 day for all Id probes. Lower panels: Immunobloiiing. Cell 
lysates (30 pg/Iane) were subjected to SDS-PAGE. Membranes were probed 
with specific Id-l, Ul- 2, and ld-3 antibodies. Visualization was performed bv 
enhanced chernihmiioescence. 

amide gel electrophoresis (SDS-PAGE). transferred to 
Immobiion P membranes, and incubated for 90 minutes 
with the indicated antibodies and for 60 minutes with 
secondary antibodies against rabbit IgG. Visualization 
was performed by enhanced chemiluminescence. 



Immunohisiochemisiry 



Specific rabbit anti-human Id- 1 (C-20). ld-2 (C-20), and 
ld-3 (C-20; all from Santa Cruz Biotechnology, Santa 
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Figure 4. Norma) and cancerous pancreatic tissues were subjected to imuiu- 
noslaining using highly specific anti-ld-1 (A-C), ami-Id- 2 (D-F). and anli-ld-3 
(G-l) antibodies as described in the Methods section. Mcxleraie to strong ld-1 
imniunoreactiviry was present in the cytoplasm of duct-like cancer cells (A 
and C, tell panel). In the normal pancreas there was weak Id- 1 immunore-. 
activity in the ductal cells (B). Preabsorpl km with the Id- J specific blot king 
peptide abolished the Id-I immunoreacliviry (C, right panel). Strong Id-2 
immunoreacliviry was observed in the cytoplasm of the cancer cells that 
exhibited duct-like structures ID and F, left panel), whereas in the normal 
pancreas, there was only weak Id- 2 immunoreacliviry in the ductal cells (E). 
I'reabsorption wiih the Id- 2- .specific blocking peptide abolished the ld-2 
immunoreactivity (F, tight panel). Moderate to strong ld-3 immnnoreaciivity 
was present in the duci-like cancer cells (G and I. left panel) Moderate to 
Strong ld-3 immtinoreaciivrty was also present in ihe ductal cells ol notnial 
pancreatic tissue samples CH). id-:> immunoreactiviiy was completely abol- 
ished by pieahsorption with the HI- 3 s.|>eeific blocking prptkle M. right 
panel). A, D, and G constitute serial sections of a pancreailc cancer sample. 
' revealing compression of the three Id proteins. Scale bars. 25 ^rn. 

Cruz, CA) polyclonal antibodies were used lor immunhis- 
iochernistry. These affinity-purified rabbit polyclonal anti- 
bodies specifically react with !d-1 , Id-?, and ld-3, respec- 
tively, of human origin, as determined by Western 
blotting. Paraffin-embedded sections (A ;irn) were sub- 
jected to irnmunoslaining -using the slieptavidin-peroxi- 
dase technique. Where indicated, irnmunoslaining tor all 
three id proteins was performed on serial sections. En- 



dogenous peroxidase activity was blocked by incubation 
(or 30 minutes with 0.3% hydrogen peroxide in methanol. 
Tissue sections were incubated for 15 minutes (23°C) 
with 10% normal goat serum and then incubated for 16 
hours at 4°C with the indicated antibodies in PBS con- 
. taining 1% bovine serum albumin. Bound antibodies 
were detected with biotinylated goat anti-rabbit IgG sec- 
ondary antibodies and streptavidirvperoxidase complex^ 
using diaminobenzidine tetrahydrochloride as the sub- 
strate. Sections were counterstained with Mayer's hema- 
toxylin. Preabsorptipn with ld-1-, Id-2-, or ld-3-specific 
blocking peptides completely abolished immunoreactiv- 
ity of the respective primary antibody. The immunohisto- 
chemical results were semiquantitative^ analyzed as de- 
scribed previously. 29 ; 30 The percentage of positive 
cancer cells was stratified into four groups: 6. no' cancer 
cells exhibiting immunoreaotivity; 1 , <33% of the cancer 
cells exhibiting, immunoreactivity; 2, 33 to 67% of the 
cancer cells exhibiting immunoreactivity; 3 >67% of the 
cancer cells exhibiting immunoreactivity. The intensity of 
the immunohistochemical signal, was also stratified into 
four groups: 0, no immunoreactivity; 1 , weak immunore- 
activity; 2, moderate immunoreactivity; 3. strong immu- 
noreactivity. Finally, the sum of the results of the cell, 
score and the intensity score was calculated. Statistical 
analysis was performed with SigmaStat software. The 
rank sum test was used, and P < 0.05 was taken as the 
level of significance. 



Results 

Northern blot analysis of total RNA isolated from 12 nor- 
mal pancreatic tissues and 16 pancreatic cancers re- 
vealed the presence of the t.2-kb ld-1 transcript and the 
1.6-kb Id2 mRNA transcript in 11 of the 12. normal pan- 
creatic samples, and the 1.3-kb ld-3 mRNA transcript in 
all normal pancreatic samples (Figure 1A, 2). In the can- 
cer tissues, ld-1 mRNA levels were elevated in 8 of 16 
samples, ld-2 mRNA levels were elevated in 9 of these 
samples, and ld-3 mRNA levels were elevated in 6 of 
these samples (Figure 1A. 2). Concomitant overexpres- 
sion of all three Id species was observed in 6 of the 
cancer samples (38%). In contrast, none of the Id mRNA 
species were overexpressed in CP by comparison with 
normal controls (Figure 1B, 2). Densitometry analysis of 
all of the autoradiograms indicated that there was a 6.5- 
fold increase (P < 0.01) in ld-1 mRNA levels, a fivefold 
increase (P < 0.01) in ld-2 mRNA levels, and a twofold 
increase (P = 0.027) in ld-3 mRNA levels in the pancre- 
atic cancer samples in comparison to normal controls 
(Figure 2). In contrast, there was no statistically signifi- 
cant difference in the expression levels of ld-1, ld-2, and 
ld-3, in CP tissues in comparison to the corresponding 
levels in the normal pancreas (Figure 2). 

Next, we assessed the expression of the three Id 
genes in 5 human pancreatic cancer cell lines by North- 
ern and Western blot analyses. !d- 1 mRNA was present 
at varying levels in all 5 cell lines (Figure 3). ASPC-1. 
CAPAN- l. MIA-PaCa-2. and PANC- 1 expressed moder- 
ate to high levels ol Id- 1 rnRNA, whereas COLO- 357 cells 
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5 /™ m "^f'^ e '" ,s, 0* °' pancfeiiic cancer and crysplastic chrcts in CP tissue. In (he pancreatic cancer (issues (A-C) .here was moderate to Strom; Jd-1 
(A), id-2 (B), and ld-3 (C) immunoreactivi.y in the ductal cells in the areas adjacent to the cancer cells that exhibited CP-like alterations. Islet cells did not exhibit 
Id ,mmunoreao.v..y (outtmed by solid arrowheads). In .he CP samples, moderate to strong )d-l (D). Id-2 (E), and )d-3 (F) immunoreactivity was pxesenl in the 
cyioplasm of epithelial cells lorming large dysplaslic dncis. Scale bar. 25 fim. . 



expressed relatively low levels of this mRNA moiety. 
Western blotting with a highly specific anti-ld-1 antibody 
confirmed the presence of the approximately 14-kd ld-1 
protein in the 4 cell lines that expressed high levels of 
ld-1 mRNA (Figure 3). Furthermore, the three cell lines 
with the highest ld-1 mRNA expression (CAPAN-1, MIA- 
. PaCa-2. and PANC-1) also exhibited the highest ld-1 
protein expression. Variable levels of the 1.t>kb ld-2 
mRNA transcript were present in all 5 cell lines. In addi- 
tion, a minor band of approximately 1.2 kb was visible in 
COLO-357 arid MIA-PaCa-2 cells. Immunoblot analysis 
with a highly specific anti-ld-2 antibody revealed two 
bands of approximately 16 and 18 kd al relatively high 
levels in all of the cell lines with exception of PANC-1 
cells, in which the 16-kd band was relalively faint (Figure 
.3). With the exception ol MIA-PaCa-2 cells.. Ihere was a 
good correlation between ld-2 mRNA and protein levels 
(Figure 3). ld-3 mRNA was present at high levels in 
MIA-PaCa-2 cells, at moderate levels in COLO-357 cells, 
and at low levels in PANC-1 cells, ld-3 mRNA was not 
detectable in ASPC-1 and CAPAN-t cells (Figure 3). 
Immunoblot analysis with a highly specific anli-ld-3 anti- 
body revealed an approximately 14-kd band that was most 
abundant in MIA-PaCa-2 cells, and was also readily appar- 
ent in COLO-357 and PANC-1 cells. In contrast, only a faint 
ld-3 band was seen in ASPC- 1 and CAPAN- 1 cells. Thus, ' 
with the exception ol PANC- 1 cells, there was a good cor- 
relation between ld-3 mRNA and protein levels. 



To determine the localization of ld-1. ld-2, and ld-3, 
immunostaining was carried out using the same highly 
specific anti-Id antibodies. In the pancreatic cancers, 
moderate to strong ld-1 immunoreactivity was present in 
the cancer cells in 9 of 10 Randomly selected cancer 
samples. An example of moderate ld-1 immunoreactivity 
is shown in Figure 4A, and of strong immunoreactivity in 
Figure 4C (left panel). In contrast, in the normal pancreas, 
faint ld : 1 immunoreactivity was present only in the ductal 
cells of pancreatic ducts (Figure 4B, arrowheads). Pre- 
absorption with the ld-1-specific blocking peptide com- 
pletely abolished the ld-1 immunoreactivity (Figure 4C, 
right panel). The cancer cells also exhibited strong ld-2 
(Figure 4, D and F. left panel) and moderate to strong ld-3 
immunoreactivity. An example ol moderate ld-3 immuno- 
reactivity is shown in Figure 4G, and of strong immuno- 
reactivity in Figure 41 (left panel). In contrast, only faint 
ld-2 immunoreactivity was present in the ductal cells in 
the normal pancreas (Figure 4E), whereas ld-3 immuno- 
reactivity in these cells was more variable and ranged 
from moderate to occasionally strong (Figure 4H). Islet 
cells and acinar cells were always devoid ol Id immunore- 
aclrvily. Preabsorption ol the respective antibody with the 
blocking peptides specific lor ld-2 (Figure 4F, right panel) 
and ld-3 (Figure 41. right panel) completely abolished inv 
munoieaciiviiy. Analysis of serial pancreatic cancer sec- 
lions revealed that there was often colocalization of the 
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Figure 6. Inumiiwhwiochemisln- of atypical papillary epithelium in CP .issues. Sen.! section analysis of some CP samples revest) the presence of large duct-like 
structures w,,h atyp.cal pap.lbry epithelium. Mild to moderate )d-J (A) and ld-2 (B> iromonoreaciiviiy and weak ld-3 (C) immunoreactivity w» prLn. in the 
cytoplasm of .be cells lorm,n B these br K e ducts with papillary sin.ci.ures. Some CP samples also exhibited moderate ld-3 immunoreactivity in these cells (D) Sole 



three Id proteins. An example of serial sections from a 
pancreatic cancer tissue is shown in Figure 4, A, D, and G. 

id-1, ld-2, and ld-3 immunoreactivity was also present 
at moderate levels in the cytoplasm of ductal cells within 
CP-like areas adjacent to the cancer cells (Figure 5, A-C). 
As in the normal pancreas, islet cells (outlined by arrow- 
heads) did not exhibit Id immunoreactivity. In 4 of 9 CP 
samples, there were foci of ductal cell dysplasia of rela- 
tively large interlobular ducts, all of which exhibited mod- 
erate to strong Id- 1, ld-2, and ld-3 immunoreactivity (Fig- 
ure 5, D-F). Five of 9 CP samples also contained foci of 
large ducts exhibiting atypical papillary epithelium. Serial 
section analysis ol one ol those CP samples revealed 
mild to moderate ld-1 and id-2 immunoreactivity and 
weak ld-3 immunoreactivity in (he cells of these atypical 
papillary ducts (Figure 6. A-C). In contrast, in some of 
these CP samples, moderate to slrong ld-3 immunoreac- 
tivity was also observed (Figure 6D). However, most of 
the ductal cells forming ihe typical ductular structures ol 
CP, such as large interlobular ducts and small proliferat- 
ing duels, exhibited generally only weak lo occasionally 
moderate Id immunoreactivity (data not shown). 



The immunohistochemical data tor Id-1. ld-2. and ld-3 
are summarized in Table 1. In the case of Id-1 and ld-2, 
the cancer cells as well as the dysplastic and atypical 
papillary ducts in CP exhibited a significantly higher 
score than the ductal cells in the normal pancreas. In 
contrast; due to the marked variability in ld-3 immuno- 
staining in the normal pancreas, the differences between 
normal and cancer cells and normal and dysplastic cells 
did not achieve statistical significance. 



Discussion 

Id proteins constitute a family of FILM transcription factors 
that are important regulators of cellular differentiation and 
proliferation. 12 To date, four members of the human Id 
family have been identified. 110 " 17 "T heir expression is 
enhanced during cellular proliferation and in response to 
rnitogenic stimuli, 1031 and overexpiession of Id genes 
inhibits differentiation and/or enhances proliferation in 
several different cell types. The forced expression 
ol Id- 1 in mouse small intestinal epithelium results in 
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Table 1. Histological Scoring 







ld-1 


ld-2 


ld-3 


Normal (n = 6) 


Ductal cells 


2.0 ± 0.4 


2.3 ±0.2 


2.5 ± 0.9 


Cancer (o = 10) 


Cancer cells 


4.5* ± 0.5 


5.2 s ± 0.3 


4.5 ± 0.6 


CP (n ~ 9) 


Typical CP lesions (n = 9) 


. 2.7 ± 0.5 


3.1 ±0.6 


3.4 ± 0.7 


Dysplastic ducts {n = A) 


5.3* ± 0.2 


5.8* ± 0.2 


5.3 ± 0.4 




Atypical papillary ducts (n = 5). 


4.4* ± 0.2 


5.2* ± 0.2 


5.0 ± 0.4 



Scoring ol.lhe histological specimens was petformed as described in the Patients and Methods section. Values are the means ± SD of the number 
ol samples indicated in parenthesis. P values are based on comparisons with the respective controls in the normal samples. 
\ P < 0.0?, *P.< 0.01; *P = 0.004; §P - 0.001. 



adenoma formation in these animals. 35 The growth-pro- 
moting effects of Id genes are thought to occur through 1 
several mechanisms. For example; ld-2 can bind to mem- 
bers of the pRB tumor suppressor family, thus blocking 
their growth-suppressing activity, 20 - 21 and ld-1 and ld-2 ' 
can antagonize the bHLH-mediated activation of known 
inhibitors of cell cycle progression such as the cyclin- 
dependent kinase inhibitor p2^. ^^ . 

In the present study; we determined by Northern blot 
analysis that a significant percentage of human pancre- 
atic cancers expressed increased ld-1. ld-2, and ld-3 
mRNA levels. Increased expression was most evident for 
ld-1 (6.5-f old) and ld-2 (fivefold). In contrast, ld-3 mRNA 
levels were only twofold increased in the cancer samples, 
partly because this mRNA was present at relatively high 
levels in the normal pancreas. Immunhistochemical anal- 
ysis confirmed the presence of ld-1, ld-2, and ld-3 in the 
cancer cells within the tumor mass, whereas in the normal 
. pancreas faint ld-1 and ld-2 irnmunoreaclivity and mod- 
erate to occasionally strong ld-3 irnmunoreaclivity was 
present in some ductal cells. Pancreatic acinar and islet 
cells in the normal pancreas were devoid of ld-1, ld-2. 
and ld^3 immunoreactivity. In the cancer samples, all 
three Id proteins often colocalized in the cancer ceils. 
Coexpression of all three Id genes was also observed in 
cultured pancreatic cancer cell lines, which often exhib- 
ited a close correlation between Id mRNA and protein 
expression. However, in MIA-PaCa-2 there was a diver- 
gence of ld-2 mRNA and protein levels, and in PANC-1 
cells, ld-3 mRNA levels did not correlate well with ld-3 
protein expression. These observations suggest that in 
these cells, the halMife of either Id mRNA or Id protein 
may be altered by comparison with the other cell lines. 
Interestingly, ld-2 immunoblotting revealed two closely 
spaced bands of approximately 16 and 18 kd in 4 of 5 
cell lines. In view of the facl that two possible iniliation 
codons have been reported lor the ld-2 gene, 36 our 
observation raises the possibility that the two ld-2-imrrtu- 
noreactive bands may represent separate translation 
products of the ld-2 gene. 

Pancreatic cancers often harbor p53 tumor suppressor 
gene mutations 37 and exhibit alterations in apoptosis 
pathways. Thus, these cancers often exhibit increased 
expression of antt-apoptotic proteins such as Bcl-2 30 and 
abnormal resistance to Fas-ligand-mediated apopto- 
sis. 39 II has been shown recently that forced constitutive 
expression ol Id genes together wilh Ihe expression of 
anti-apoptotic genes such as Bcl-2 or BclX L con result in 



malignant transformation ol human fibroblasts, 11 raising 
the possibility that the enhanced Id expression in pan- 
creatic cancers together with increased expression of 
anti-apoptottc genes may contribute to the malignant 
potential of pancreatic cancer cells in vivo. 

In the CP tissues there was no significant increase in 
ld-1, ld-2, and ld-3 mRNA levels in comparison to the 
normal pancreas. Immunohistochemical analysis of pan- 
creatic, cancer samples revealed colocalization of weak 
to moderate ld-1, ld-2, and ld-3 immunoreactivity in pro- 
liferating ductal cells in the CP- like regions adjacent to 
the cancer cells, indicating that Id expression was not 
restricted to the cancer cells. Similarly, analysis of CP 
samples indicated weak Id- 1, ld-2, and ld-3 immunore- 
activity in the cells of small proliferating duels and large 
ducts without dysplastic changes. In general, there was a 
correlation between weak immunoreactivity and low Id 
mRNA levels. However, in samples that harbored large 
ducts with papillary structures there was moderate Id 
immunoreactivity, and in the cells forming dysplastic 
duels there was moderate to strong Id immunoreactivily. 
In these CP samples, Id mRNA levels were relatively 
higher than in the CP samples that were devoid of these 
histological changes. Overall, however, increased Id ex- 
pression, most notably of ld-1 and ld-2, distinguished a 
subgroup of pancreatic cancers from CP (Table 1). 

Epidemiological studies have shown that the risk ol 
developing pancreatic cancer is increased up to 16-fold 
in patients with pre-existing CP in comparison to the 
general population. 40 The mechanisms that contribute lo 
neoplastic transformation in CP are not known. Although 
there is no established tumor progression model for pan- . 
creatic cancer, such as Ihe adenoma-carcinoma se- 
quence of colorectal carcinoma, 41 it is generally ac- 
cepted, that K-ras and p16 mutations occur relatively 
early in pancreatic carcinogenesis, whereas p53 muta- 
tions occur late in this process. 37 - 41 " 43 Increased Id ex- 
pression may contribute to malignant transformation ol 
cultured cell lines in vitro 1 * and has been linked to cell 
invasion in a murine mammary epithelial cell line. 44 In 
view ol the current findings that ld-1, ld-2, and ld-3 are 
overexpressed in pancreatic cancer and in dysplastic/ 
metaplastic duels in CP. these observations raise the 
possibility that elevated levels ol ld-1. ld-2. and. to a 
lesser extent, ld-3 may tepresent ietative!y early markers 
ol pancrealic malignant transformation and may contrib- ' 
.ule to the pathobiology ol pancreatic cancer. 
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c-fos and estrogen receptor gene expression pattern in the rat uterine 
epithelium during the estrous cycle. 

Mendoza-Rodri>.,f7. CA Merchant-Larios FT . Segura-Valdez Ml. Mnrgnn. 
MgndozaN, CruzME, Arteag a-Lopez P, Camacho-Arrovn T Dominguez R CWhnn 

Facultad de Quimica, Universidad Nacional Autonoma de Mexico, Ciudad Umversitaria 
Coyoacan 04510, Mexico, D.F., Mexico. 

Different studies in oyariectomized estrogen treated animals support the idea that c-fos 
plays a role in the proliferation of uterine epithelial cells. However, these studies invite us 
to reassess the role played by c-fos in epithelial cell types of the endometrium during the 
estrous cycle. The present study was undertaken to determine the c-fos and estrogen 
receptor (ER) gene expression pattern in the rat uterine epithelium during the estrous 
cycle in which natural and cyclic changes of steroid hormones occur, and correlate these 
changes with the proliferation status of this cellular types. Proliferation was assessed 
during the estrous cycle using bromodeoxyuridine incorporation to DNA. ERalpha and 
beta proteins were assessed by immunohistochemistry. The regulation of c-fos gene 
expression in the uterus of intact animals during the estrous cycle was evaluated using 
both in situ hybridization and immunohistochemistry. Estradiol (E(2)) and progesterone 
{P(V) plasma levels were assessed by radioimmunoassay. The results indicated that 
luminal (LE) and glandular epithelia (GE) presented maximal proliferation during the 
metestrus (M) and the diestrus (D) days. However, during the proestrus (P) day only LE 
presented proliferation, and during the estrus (E) day only the stromal cells proliferated 
A marked immunostaining for ERalpha was detected in both LE and GE cells during the 
early phases of the cycle but diminished on the P and the E day. In contrast, ERbeta was 
undetectable m both epithelia during all stages of the cycle. The highest c-fos mRNA 
level was detected in both epithelia on the M day, followed by a significant reduction 
during the other days of the cycle. The highest protein content was observed on the M 
and D days, and the minimal value was detected on the E day. The c-Fos protein level in 
LE was increased during M and D days, presenting a high correlation with the cellular 
proliferation pattern of this cell type. In conclusion, the overall results indicate that c-Fos 
protein presented a good correlation with uterine epithelial cell proliferation of LE In the 
case of GE, the same tendency was observed, although no significant correlation was 
found. Both in LE and GE, c-fos mRNA did not strictly correlate with its protein levels 
c-fos seems to have a postranscriptional regulation in uterine epithelial cells during the 
rats estrous cycle.. Copyright 2003 Wiley-Liss, Inc. 

PMID: 1 2589649 [PubMed - indexed for MEDLINE] 



31 7: Brain R esMol Brain Res. 1998 Feb;54(l); 13-23 Related Articles. Links 

j E L JS F V ( Ejjjj 

[3HJMK-801 binding and the mRNA for the NMDARI subunit of the 
NMDA receptor arc differeutiaUy distributed in human and rat forebrain. 

MeouiP, iVtugnaini M Bunnemann BH . TnsUXi, Bowery NG . 

Department of Pharmacology, Medical School, University of Birmingham, UK. 
meonip@novell5.bham.ac.uk 

The distributions of [3H]MK-80i binding and the NMDA NR1 subunit mRNA were 
studied using receptor autoradiography and in-situ hybridization in rat and human brain 
whole-hemisphere coronal sections. Receptor protein detected by radioligand 
autoradiography and the mRNA for the key subimit of the receptor presented similar 
distributions in the forebrain, with a few areas showing an imbalance between the levels 
of mRNA and receptor protein. Human frontal cortex showed a relative abundance of 
NMDARI mRNA as compared to [3H]MK-80l binding. The same area in rat brain did 
not show any difference in die two distributions. In comparison, the rat claustrum 
presented a relative excess of NMDARI mRNA which was not detected in human 
sections. Human caudate nucleus exhibited relatively high levels of [3HJMK-801 binding 
that were unmatched in rat caudate. Hie hippocampi of either species presented similar 
levels of [3HJMK-801 binding and NMDARI mRNA, but when the two signals were 
measured in specific subfields of the hippocampal formation, the differential distribution 
of the two signals reflected the anatomy of hippocampal connections assuming a 
preferential dendritic distribution for MK-80T binding. Interestingly, rat and human 
hippocampi also showed some important species-dependent difference in the relative 
distribution of die receptor protein and mRNA. The data presented show an overall good 
correlation between the mRNA for the key subunit of the NMDA receptor and the 
functional receptor detected with radioligand binding and highlight the presence of local t 
differences in their ratio. This may reflect different splicing of the mRNA for the 
NMDARI subunit in specific brain areas of rat and human. The species-dependent 
differences in die relative distribution of the mRNA for the key subunit of the NMDA 
receptor and that of a marker of functional receptors also highlights important differences 
in the NMDA function in rat and human brain. 
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Translation Initiation in Cancer: A Novel Target for Therapy 1 
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Abstract 

Translation initiation is regulated in response lo 
nutrient availability and mitogenic stimulation and is 
coupled with ceM cycle progression and cell growth. 
Several alterations in translational control occur in 
cancer. Variant mRNA sequences can alter the 
translational efficiency of individual mRNA molecules, 
which in torn play a role in cancer biology. Changes in 
the expression or availability of components of the 
translational machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and translationat 
• activation of the mRNA molecules involved in cell 
growth and proliferation. We review the basic 
principles of translational control; the alterations 
encountered in cancer, and selected therapies 
targeting translation initiation to help elucidate new 
therapeutic avenues. . 

Introduction 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer cells and normal cells. With the advent of cDNA anay 
technology, most efforts have concentrated on identifying 
differences in gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences in transcription. Gene expression is quite complicated, 
however, and is aJso regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of transiational regulation has been best recog- 
nized among developmental biologists^ because transcription 
does not occur in early embryogenesis in eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until Ihe embryo reaches mkfbJastula transition, the 
4000-ceII stage. Therefore, ail necessary mRNA molecules are 
transcribed during oogenesis and stockpiled in a hansJationalry 
inactive, masked form. The mRNA are translationalfy activated 
at appropriate times during oocyte maturation. lertHization, and 
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early embryogenesis and thus, are under strict transiational 
control. 

Translation has an established role in cell growth. Basi- 
cally, an increase in protein synthesis occurs as a conse- 
quence of mitogenesis. Until recently, however, little was 
known about the alterations in mRNA translation in cancer, 
and much is yet to be discovered about their role in the 
development and progression of cancer. Here we review the 
basic principles of transnational control, the alterations en- 
countered in cancer, and selected therapies targeting transla- . 
tion initiation to elucidate potential new therapeutic avenues. 

Basic Principles of Translational Control 
Mechonism of Translation Initiation 
Translation initiation is the main step in translational regulation. 
Translation initiation is a complex process in which the initiator 
tRNA and the AOS and 60S ribosomal subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translation initiation factors into an SOS ribosome at the start 
codon of the mRNA (Fig. 1). The 5' end of eukaryotic mRNA is 
capped, i.e., contains the cap structure m 7 GpppN ty-^nethyl-: 
9Aianosine-tripbc«pbo-5'-ribOT Most translation in 

eukaryotes occurs in a cap-dependent fashion, i.e., the cap is 
specifically recognized by the e!F4E, 3 which binds the 5' cap. 
The eIRF translation initiation complex is then formed by the 
assembly of eIF4E,the RNA helicase elF4A and eIF4G, a 
scaffolding protein that mediates the binding of the 4 OS ribo- 
somal subunit to the mRNA molecule through interaction with 
the elF3 protein present on the 40S ribosome. eIF4A and efF4B 
participate in mettfrig the secondary structure of the 5' UTR of 
the mRNA The 43S initiation complex (40S/elF2/Met-tRNA/ 
GTP complex) scans the mRNA in a 5'-*3' direction until it 
encounters an AUG start codon. This start codon is then base- 
paired to the anticodort of initiator tRNA, forming the 48S initi- 
ation complex. The initiation factors are then displaced from the 
48S complex, and the 60S ribosome joins to form the 80S 
ribosoma 

UnlBte most eukaryotic translation, translation initiation of 
certain mRNAs, such as the picomavirus RNA is cap inde-' 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require eJF4H Either the 43S complex can bind 
the initiation codon directly through interaction with the IRES in 
the 5' UTR such as in the erx^halorrryocarditis virus, or it can 



3 The abbreviations used are: ctF4£. eukaryolic initiation factor 4£; UTR 
untranslated region; IRES, internal ribosome entry site; 4E-8P1. eukaryotic 
initiation factor 4E-binding protein t; SfiK. ribosomal p70 S6 kinase; mTOR ' 
marnmatian target ol rapamyon; ATM, ataxia telangiectasia mutated; POK, 
phosphatxjyfiriosilol 3- kinase; PTEN, phosphatase and tensin homotog oV 
feted horn ctwomosome TO. PPZA. proiem phosphatase 2A; TGF-03, trans- 
forming growth factor-03; PAP. potytA) polymerase; EPA. eicosopentaenofc 
acid; met*- 7, melanoma diftcretitiation-associated gene 7. 
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rtg. 1. Translation initiation in eukaryotes. The 4E-BPs a/e hyperpnos- 
phorytated to release clF4E so thai a can interact with the 5' cap, and the 
elF4F initiation complex is assembled. The interaction ol porytA) binding 
protein with the initiation complex and circularizaticn ot the mRNA is not 
depicted in the diagram. The secondary structure ol the 5' um is melted 
the 4 OS ribosomal subunit is bound to etF3. and the ternary complex 
consisting ol elF2. GTP. and the Met-tRNA are recruited to the mRNA. The 
ribosome scans the mRNA in a 5'-*3* direction until an AUG start codon 
is found in the appropriate sequence context The initiation factors are 
released, and the large ribosomal subunit b recruited. 



initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the pofiovirus 0)- 

Beguhthn of Translation Initiation 
Translation initiation can be regulated by alterations in the 
expression or phosphorylation status of the various factors 
involved. Key components in translations regulation that 
may provide potential therapeutic targets follow. 

el RE. elF4E plays a central role in translation regulation. 
It is the least abundant of the initiation factors and is con- 
sidered the rate-limiting component for initiation of cap- 
dependent translation. elF4E may also be involved in mRNA 
splicing, mRNA 3' 'processing, and mRNA nucteocytoplas- 
mic transport (2). elF4E expression can be increased at the 
transcriptional level in response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



lations! machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpression of elF4E promotes in- 
creased translation of vascular endothetiaJ growth factor, 
fibroblast growth factor-2, and cyctin D1 (2, 8, 9). 

Another mechanism of control is the regulation of eIF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
mitogen-activated protein kinase- interacting kinase 1, which 
*rs activated by the mitogen-activated pathway, activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mitogen-activated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, insulin, 
angiotensin II, sre kinase overexpression, and ras over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of elF4E is usually correlated with the 
transitional rale and growth status of the cell; however, 
elF4E phosphorylation has also been observed in response 
to some cellular stresses when translational rates actually 
decrease (15). Thus, further study is needed to understand 
the effects of elF4E phosphorylation on elF4E activity. 

Another mechanism of regulation is the alteration of elF4E 
availability by the binding of e!F4E to the elF4E-binding pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete with 
eIF4G for a binding site in elF4E. The binding of elF4E to the 
best characterized eIF4E-bInding protein, 4E-BP1, is regur 
lated by 4E-BP1 phosphorylation. Hypophosphorylated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, bepatocyte 
growth factor, nerve growth factor, insulin-like growth factors 
I and It, ihterleukin 3, granulocyte- macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to. decrease the ability of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results- . 
in 4E-BP1 dephospboryfation, an increase in elF4E binding, 
and a decrease in cap-dependent translation. 

p70 S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K is thought to play an important role in translational 
regulation. S6K -/- mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive influence on cell proliferation (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
oHgopyrirnkJine tract {5' TOP} found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the translational machinery. Phosphorytation of S6K is regu- 
lated in part based on the avatlabifity of nutrients (1 8, 1 9) and is 
stimulated by several growth factors, such as platelet-derived 
growth factor and insulin-like growth factor I (20). 

elF2cf Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation initia- 
tion factor etF2. Phosphorylation of the a-subunit of e)F2 
prevents formation of the elF2/GTP/MeMRNA complex and 
inhibits global protein synthesis (21, 22). eIF2a is phospho- 
rylated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
elF2a is phosphorylated by heme- regulated inhibitor, nutrient- 
regulnled protein kinase, and the IFN^rnduced. double- 
stranded RNA-activated piotein kinase (PKR; Ref. 23). 
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The mTOR Signaling Pathway. The macrofide antibiotic 
raparnycin (SiraBrous; Wyeth-Ayerst Research, CoflegeviHe, 
PA) has been the subject of intensive study because H in- 
hibits signal transduction pathways involved in T-cel? activa- 
tion. The rapamycin-sensitive component of these pathways 
is mTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate G 1 
progression and translation in response to nutrient availabi^ 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation vitiation by altering the phosphorylation status of 
4E : BP1 and S6K (Fig. 2; Ref. 25). 

4E-8P1 is prwsphorylated on multiple residues, mTOR phos- 
pborylates the Thr-37 and Thr-46 residues of 4E-BP1 m vitro 
(2Q; however, phosphorylation at these sites is not associated 
with a loss of eF4E binding. Prtosphorylation of Thr-37 and 
• Thr-46 is required for subsequent phosphorylation at several 
COOH-terminal, senjm- sensitive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4E-BP1 to elF4E (25). The product of the>l7M gene, 
p3a/MSK1 pathway, and protein, kinase Co also play a role in 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein kinase Akt. PTEN is a phosphatase that 
negatively regulates PI3K signaling. PTEN null cells have 
constitutivery active of Akt^ with increased S6K activity and 
S6 phosphorylation (30). S6K activity is inhibited both by 
PI3K inhibitors wortmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR in vitro, and this site is phosphorylated upon AM 
activation in vivo (31-33). Thus, mTOR is regulated by the 
PI3K/Akt pathway, however, this does not appear to be the 
only mode of regulation ol mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosphorylation is blocked by wort- 
mannin but not by rapamycin (34). This seeming inconsistency 
suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
actrvity occurs through a mechanism other than intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and S6K phos- 
phorylation by mTOR activity is by the Inhibition of a phospha- 
tase. Treatment with calycufin A, an inhibitor of phosphatases 1 
and 2A, reduces rapamydn-induced dephospborylation ol 4E- 
'. BP1 and S6K by rapamycin (35). PP2A interacts with full-length 
S6K out not with a S6K mutant that is resistant to dephospbo- 
rylation resulting from rapamycin. mTOR rjhosphorytates PP2A 
in vitro; however, how this process alters PP2A activity is not 
known. These results are consistent with the model that phos- 
- phorylation of a phosphatase by mTOR prevents dephospbo- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition ol the phosphatase bv 
mTOR. 

Polyodenylation. The poly(A) tail in eukaryotic mRNA is 
important in enhancing translation initiation and mRNA sta- 
bility. Poryadenylation plays a key role in regulating gene 
expression during oogenesis and earty embryogenesis. 
Some mRNA that are Iranslationally inactive in the oocyte are 
pofyadenylated concomitantly with translation*! activation in 
oocyte maturation, whereas other mRNAs that are transla^ 
tionaWy active during oogenesis are deadenylated and trans- 
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lationally silenced (36-38). thus, control of pory(A) tail syn- 
thesis is an important regulatory step in gene expression. 
The 5' cap and pory(A) tail are thought to function synergis- 
tically to regulate mRNA translational efficiency (39, 40). 

RNA Packaging. Most RNA-binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associated protein, YB-1, destabilizes the interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results in translational repression in vivo {44). Thus, 
alterations in RNA packaging can also play an important rote 
in translational regulation. 

Translation Alterations Encountered in Cancer 
Three main alterations at the translational level occur in cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes in the expression or availability of 
components of the translational machinery, and activalion of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an indi- 
vidual mRNA that may play a role in carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase in the overafl rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations in mRNA Sequence 

Variations in mRNA sequence affect the translational effi- 
ciency of the transcript. A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
in the 5' UTR, can alter its translational efficiency, as seen in 
the following examples. 



JACE *„ • WCVD'AT MM P W .j^^,^,, ■ SVR . SVCS0 „ 0 ■ _ t , pMv ... 



pb? 9303 ■ DURATION tmm-s s^jg^ 



MAY 25 2006 15:40 FR CI ' JCIST 

74 Translation Initiation in Cancer 



613 952 9303 TO "i03246606 



c-myc. Sarlo et at. proposed that translation of full-length 
c-myc is repressed, whereas in several Burtott lymphomas 
that have deletions of the mRNA 5' UTR, translation of c-myc 
is more efficient (45). More recently, it was reported that the 
5' UTR of c-myc contains an IRES, and thus c-myc transla- 
■ tion can be initiated by a cap-independent as well as a 
cap-dependent mechanism (46, 47). In patients wilh multiple 
myeloma, a C-»T mutation in the c-myc IRES was identified 
(48) and found to cause an enhanced initiation of translation 
via internal ribosomal entry (49). 

BRCAL A somatic point mutation (117 G->C) in position 
-3 with respect to the start codon of the BRCA1 gene was 
identified in a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream luciferase reporter dem- 
onstrated a decrease in the transfational efficiency with the 5' 
■ UTR mutation. 

. CycBn-dependent Kinase inhibitor 2A. Some inherited 
melanoma kindreds have a G-*T transversion at base -34 
of cyclin-dependent kinase inhibHor-2A, which encodes a 
cyclin-dependent kinase 4/cyclin-dependent kinase 6 kinase 
inhibitor important in G t checkpoint regulation (51). This 
mutation gives rise to a novel AUG translation initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
from the wild-type AUG. 

Alternate Splicing and Alternate Transcription Start 
Sites. Alterations in splicing and alternate transcription sites 
can lead to variations in 5' UTR sequence, length, and second- 
ary structure, ultimately impacting translational efficiency. 

ATM. The ATM gene has four noncoding exons in its 5' 
UTR that undergo extensive alternative splicing (52): The 
contents of. 12 different 5' UTRs that show considerable 
diversity in length and sequence have been identified. These 
divergent 5* leader sequences play an important role in the 
transitional regulation of the ATM gene. 

mdm. In a subset of tumors, overexpression of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BRCA1. In a normal mammary gland. BRCAl mRNA is 
expressed with a shorter leader sequence (5'UTRa). whereas 
. m sporadic breast cancer tissue; BRCAl mRNA is expressed 
with a longer leader sequence (5' UTRb); the transfational 
efficiency of transcripts containing 5' UTRb is 1 0 times bwer 
than that of transcripts containing 5' UTRa (54). 

TGF-P3. TGF-Q3 mRNA includes a 1.1-kb 5' UTR, which 
. exerts an inhibitory effect on translation. Many human breast 
cancer cell lines contain a novel TGF-03 transcript with a 5' 
UTR lhat is 870 nucleotides shorter and has a 7-fold greater 
translational efficiency than, the normal 7GF-03 mRNA (55). 

Alternate Poryadenylation Sites. Multiple potyadenyl- 
ation signals leading to the generation of several transcripts 
w.th differing 3* UTR have been described for several mRNA 
species, such as the RET prolo-oncogene (56). ATM gene 
(52). tissue inhibitor of metaIloproteinases-3 (57). RHOA 



proto-oncogene (58), and calmodulin- 1 (59). Although the 
effect of these alternate 3' UTRs on translation is not yet 
known, they may be important in RNA-protein interactions 
that affect translational recruitment. The role of these alter- 
ations in cancer development and progression is unknown. 



Alterations in the Components of the 
Translation Machinery 

Alterations in the components of translation machinery can 
take many forms. 

Overexpresssron of elF4E Overexpression of ,elF4E 
causes malignant transformation in rodent cells (60) and the 
deregulation of HeLa cell growth (61). Polunovsky ef at. (62) 
found that elF4E overexpression substitutes for serum and 
individual growth factors in preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signaling. 

Elevated levels of elF4 E mRNA have been found in a broad 
spectrum of transformed cell lines (63). elF4E levels are 
elevated in all ductal carcinoma in situ specimens and inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

There are accumulating data suggesting that eIF4E overex- 
pression can be valuable as a prognostic marker. eJF4E over- 
expression was found in a retrospective study to be a marker of 
poor prognosis h stages I to III breast carcinoma (67). Verifica- 
tion of the prognostic value of elF4E in breast cancer is now 
under way in a prospective trial (67). However, in a different 
study, elF4E expression was correlated with the aggressive 
behavior of non-Hodgkin's lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of elF4E in histologically tumor-free surgical margins predicted 
a significantly increased risk of locaJ-regional recurrence (9). 
These results all suggest that'elF4E overexpression can be 
used to select patients who might benefit from more aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that elF4E overexpression is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alienations in a 
number ol other initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E, leads to 
malignant transformation in vitro (69). eIF-2a is found in 
increased levels in bronchioloarveolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit ol 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and the elF3-p1 10 subunit 
is overexpressed in testicular seminoma (73). The role that 
. overexpression of these initiation factors plays on the devel- 
opment and progression of cancer, if any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overexpressed in the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a sludy by 
Barlund ef al. (74), SGK was amplified in 59 ol 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Overexpression of PAP. PAP catalyzes 3' poly(A). syn- 
thesis. PAP is overexpressed in human cancer cells com- 
pared with normal and viralty transformed cells (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, in mammary tumor cytosote, was 
found to be an independent factor for predicting survival (76% 
Little is known; however, about how PAP expression or ac- 
tivity affects the translational profile. 

Alterations in RNA-brndtng Proteins. Even less is known 
about alterations in RNA packaging in cancer. Increased ex- 
pression and nuclear localization of the RNA-binding protein 
YB-1 are indicators of a poor prognosis for breast cancer (77), 
non-small cell lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
transcription; because YB-1 increases chemoresistance by en- 
hancing the transcription of a multidrug resistance gene (80). 



Activation of Signal Transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
• suppressor genes or overexpression of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
important mutant in human cancers is the tumor suppressor 
gene PTEW, which leads to the activation of the Pt3K/Akt path- 
way. ActivDtion of PI3K and Akt induces the oncogenic trans- 
formation of chicken embryo fibroblasts. The transformed cells 
show constitutive phosphorylation of S6K and of 4E-BP1 (81). 
. A mutant Akt that retains kinase activity but does not pbos- 
phorytate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PI3K and 
AW and the phosphorylation ol S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, insulin- like growth factor, HER2/neu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
ot translation is likely to contribute to the growth and, aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translational control. 
For example, HER2/neu mRNA is translationally controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell type-independent manner and 
by a distinct cell type-dependent mechanism that increases . 
translational efficiency (82). HER2/neu translation is different 
in transformed and normal cells. Thus, it is possible that 
alterations at the translational level can. in part account for 
the discrepancy between HER2fneu gene amplification de- 
tected by fluorescence in situ hybridization and prolein levels 
detected by immunohistochemical assays. 

Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways involved in the activation of translation initialion repre- 
sent good targets for cancer therapy. 

Targeting the mTOFt Signaling Pathway: Rapamycin 
and Tumstatin 

Rapamycin inhibits the proliferation of lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycin wilh FKBP 12 (FK50&-binding 
protein, M r 12,000) binds to mTOR to inhibit its function. 

Rapamycin causes a smafl but significant reduction m the 
Initiation rate of protein synthesis (83). It blocks cell growth in 
part by blocking S6 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 phosphorylation and inhibits cap-dependent 
but not cap-independent translation (17, 86). 

The rapamyctrvsensrrrve signal transduction pathway, acti- 
vated during malignant transformation and cancer progression, 
is now being studied as a target for cancer therapy (87). Pros- 
tate, breast, small cell lung, gfobtastorna, melanoma, and T-cel) 
leukemia are among the cancer fines most sensitive to the 
rapamycin analogue CCJ-779 (Wyeth-Ayerst Research; Ref. 
87). In rfttbdcmTyoosarcorna cell fines, rapamycin is either cyto- 
static or cytoddal, depending on the p53 status of the cell; p53 
wild-type cells treated with rapamycin arrest in the G, phase . 
and maintain their viability, whereas p53 mutant cells accumu- 
late in G, and undergo apoptosts {88, 89). In a recently reported 
study using human primitive neuroectodermal tumor and 
rnedullobtestoma models, rapamycin exhibited more cytotox- 
icity in combination with cisplatin and camptotbecin than as a 
single agent, tn vivo, CCI-779 delayed growth of xenografts by 
1 60% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease in tumor 
volume. Growth inhibition in vivo was 1.3 times greater, with . 
cisplatin in combination with CCI-779 than with cisplatin alone 

(90) . Thus, preclinical studies suggest that rapamycin ana- 
logues are useful as single agents and in combination with 
chemotherapy. 

Rapamycin analogues CCl-779 and RAD001 (Novartis, 
Basel, Switzerland) are now in clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues is immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamycin and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matological toxicity, myelosuppression, infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87. 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage lll/IV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94. 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way into patient selection for 
mTOR. inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 in PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, olthough only two ol these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlation suggests that activation ol the PI3K-AW pathway. 
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regardless of whether rt is attributable to a PTEN mutation or 
to over expression of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-directed therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycin resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycin resistance (98). 

Another mode of activity for rapamycin and its analogues 
appears to be through inhibition of angiogenesis. This activ- 
ity may be both through direct inhibition of endothelial cell 
proliferation as a result of mTOR inhibition in these cells or by 
inhibition of translation of such proangiogenic factors as 
vascular endothelial growth factor in tumor cells {99, 100). 

The angipgenesis inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to inhibit 
translation in endothelial cells (101). Through a requisite in- 
teraction with integrin, tumstatin inhibits activation of the 
P13K/Akt pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial celts are especially sensitive to therapies targeting 
the mTOR-signaling pathway. 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential adjuvant therapy for head 
and neck cancers, particularly when elevated eiF4E is found in 
surgical margins. Small molecule inhibftors that bind the elRG/ 
4E-BP1-binding domain of elF4E are proapoptotic (11 9 30(1 
are also being actively pursued 

Exploiting Selective Translation for Gene Therapy 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation in cancer cells is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTR These mRNA would thus be at a competitive 
disadvantage in normal cells and not translate well, whereas in 
cancer cells, they would translate more efficiently. For example, 
the introduction of the 5' UTR of fibroblast growth factor-2 5' to 
the coding sequence of herpes simplex vims type- 1 thymidine 
kinase gene, allows for selective translation of herpes simplex 
vims type-1 thymidine kinase gene in breast cancer cell lines 
compared with normal mammary cell lines and results in se- 
lective sensitivity to ganciclovir (117). 



Targeting e\F2cc EPA, Clotrimazole, mda-7, 
and Flavonoids 

EPA is an n-3 polyunsaturated tatty acid found in the fish- 
based diets of populations having a tow incidence of cancer 
(102). EPA inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 7 * from 
intracellular stores while inhibiting their refilling, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and inhibits elF2a. 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vitio and in vivo, inhibits cell growth through 
depletion of Ca 2 " stores, activation of PKR, and phospho- 
rylation of e!F2a (106). Consequently, ctotrima2ole preferen- 
tially decreases the expression of cyctins A, E. and D1, 
resulting in blockage of the eel) cycle in G v 

mda-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of elF2a and induction of apoptosis (110). 

Flavonoids such as genistein and quercetin suppress tu- 
mor cell growth. AH three mammalian elF2a kinases, PKR, 
heme- regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2a and inhibition of 
protein synthesis (111). 



Targeting elF4A and elF4E: Antisense RNA 
and Peptides 

Antisense expression of elF4A decreases the proliferation rate 
ot melanoma cells (1 12). Sequestration ot elF4E by overexpres- 
sion ot 4E-BP1 is proopoplolic and decreases tumorigenicity 
(113, 114). Reduction of eIRE with antisense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates ol tumor doubling times (7). Antisense elF4E RNA treat- 



Toward the Future 

Translation is a crucial process in every cell. However, several 
alterations in translational control occur En cancer. Cancer cells 
appear to need an aberrantly activated translational state for 
survival, thus allowing the targeting of translation initiation with 
surprisingly low toxicity. Components of the translational ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved in translation initiation, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most likely to achieve clinical utility in 
combination therapy. In the interim, our increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
in the near future. 
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Ovcrexpressiou of chemokines, fibrogenic cytokines, and myofibroblasts in 
human membranous nephropathy. 

Mczzano SA, Droguett MA, Burgos ME , Ardiles LG . Aros CA, Caorsi L Egido J. 

Division of Nephrology, School of Medicine, Universidad Austral, Valdivia, Chile. 
sme22ano@uach.cl 

Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in human, 
membranous nephropathy. BACKGROUND: Proteinuria plays a central role in the 
progression of glomerular disease, and there is growing evidence suggesting that it may 
determine tubular cell activation with release of chemokines and fibrogenic factors, 
"leading to interstitial inflammatory reaction. However, most studies on this subject'have 
been performed in experimental models, and the experience in human kidney biopsies 
has been scarce. We analyzed the tissue sections of patients with idiopathic membranous 
nephropathy (IMN), a noninflammatory glomerular disease that may follow a progressive 
disease with heavy persistent proteinuria, interstitial cell infiltration, and decline of renal 
function. METHODS: Paraffin-embedded biopsy specimens from 25 patients with IMN 
(13 progressive and 12 nonprogressive) were retrospectively studied by 
immunohistochemistry [monocyte chemoattractant protein- 1 (MCP-1 ), regulated on 
activation normal T-ceil expressed and secreted cliemokine (RANTES), osteopontin 
(OPN), platelet-derived growth factor-BB (PD-GF-BB)] and in situ hybridization [MCP- 
I, RANTES, PDGF-BB, transforming growth factor-betal (TGF-betal)]. Moreover, we 
studied the presence of myofibroblasts, which were identified by the expression of alpha- 
smooth muscle actin (alpha-SMA), the monocytes/macrophages (CD68-positive cells), 
and T-cell infiltration (CD4+ and CD8+ cells). All of the patients were nephrotic and * 
without treatment at time of the biopsy. RESULTS: A strong up-regulation of MCP-1 , 
RANTES, and OPN expression was observed, mainly in tubular epithelial cells, with a 
significant major intensity in the progressive IMN patients. A strong correlation between 
the inRNA expression and the corresponding protein was noted. The presence of these 
chemokines and OPN was associated with interstitial cell infiltration. TGF-beta and 
PDGF were also up-regulated, mainly in tubular epithelial cells, with a stronger 
expression in the progressive IMN, and an association with the presence of 
myofibroblasts was found. CONCLUSIONS: Patients with severe proteinuria and 
progressive IMN have an overexpression in tubular epithelial cells of the chemokines ■ 
MCP-1, RANTES, and OPN and the profibrogenic cytokines PDGF-BB and TGF-beta. 
Because this up-regulation was associated with an interstitial accumulation of 
mononuclear cells and an increase in myofibroblastic activity, it is suggested that those 
mediators are potential predictors of progression in TMN. Finally, based on experimental 
data and the findings of this article, we speculate that severe proteinuria is the main factor 
responsible for the up-regulation of these factors in- tubular epithelial cells. 
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Decreased uncoupling protein expression and intraiuyocytic triglyceride 
depletion in formerly obese subjects. 
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Universe Cattohca S Cuore, Rome, Italy, gmingrone@rm.unicatt.it ' 

OBJECTIVE: To examine the muscular uncoupling protein expression 2 (UCP2) and 

gene expression m morbid obese subjects before and after bariatric surgery fbilio 
pancreauc drvers.on (BPD)]. RESEARCH" METHODS AND PROCED JreI fil ven 
obese subjects (BMI = 49 + l- 2 kg/m(2)) were studied before BPD an 124 ^ 
BPD. Skeletal muscle UCP2 and UCP3 mRNA was measured using reverse 
fransenptasc-competitive polymerase chain reaction and UCP3 protein by Western 
cJ ml J? C friglycerides were quantified by high-performancl liquid 
clu-omatography. Twenty-four-hour energy expenditure and respiratory quotient (RO) 
were measured » a respiratory chamber. RESULTS; After BPD, th ^a™ wlSu oss 
was approximately 38%. Nonprotein RQ was increased in the postobese subjects (C 73 

-A 0 6 Zf&TaT P nT l) - 7? lntramy0CytiC tng,yCeride Ieve " ^ lb 66 

UCP2 and UCP^mRNA T' ^ ^ P * ° ° 00,) after BPD " of 

uci z and UCP3 mRNA was s^ficantly reduced (from 35.9 +/- 6.1% to 18 6 +/- 4 5% 

of cyc.oph lh n, P = 0.02; from 60.2 + /- , 4.0%.to 33.5 + /- B.5%, p = 0.03; ^pecdvely) 
60 3 1 protein^content was also significantly reduced (272.19 +/- 84.13 vs. 175.78 +/ 

levelsVo - 0 0o?w! )- "TP? re&eSS[ ° n (R(2) = 0 - 90 > showed Uiat IMTG 

-(P ~ °: 007 > ' e P resented the ™st powerful independent variable for predicting 

rn MTG ^' e i n - DISC ^ ,0N: ^ of UCP expression^ crease 

^hZl of or? 1 tng,ycerid f content plays m even more im P° rtant - 
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ot ttie CjrAUAA/benzodiazepme receptors. 
Mialics_CP, GuHcrrezA, WUaaZU, VitoricaJ, DeBlas_AL. 

Division of Molecular Biology and Biochemistry, School of Biological Sciences 
University of Missouri-Kansas City 64 110-2499. sciences, 

T^e distribution of the mRNAs encoding the gamma 2S and gamma 2L subunits of the 
GABAA receptor ,„ the rat brain has been revealed by in situ hybridization Zrthel blot 
and dot blot analyse using specific antisense o.igonuc.eotides. L addition the 
quan , a tl ve d.stnbutton of the gamma 2S and gamma 2L subunit peptides'paLpating in 
Ae faHy assem led GABAA receptorsWodiazepine receptors has been Lppld by § 
unmunoprecpuatton w,th specific anti-gamma 2S and anti-gamma 2L antibod^T 
Several neuronal types and brain regions are enriched in gamma 2L such as ne tons of 
the layer If of sfrtate cortex. and cerebellar Purkinje cells as well as the inferior Xculus • 
upenor colhculus deep cerebellar nuclei, medulla and pons. Other neuronal tyS^d 
re gl ons are ennched ,n gamma 2S such as the mitral ceMs of the olfactory bu b p^nida. 
neurons of the pynform cortex, layer VI of the neocortex, granule cells of Ae d'eSf 

c^^ress^ 31 Ce " S Other cortiS, areas Jcl^T^ 

cells express both gamma 2S and gamma 2L in comparable amounts: There is a good 

relative presence of these protein subunits m fully assembled and mature receotors in the 

rl.T n dTffi ^ °r; he f fferentiaI diStnbUti ° n ° f *™ 25 - d g^L' gn 
suTuniS SenS,fiV,ty ° f ^ neUr ° nS eXpreSSi "g the * e GABA * receptor 
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Follicle-Stimulating Hormone Receptor and Its Messenger Ribonucleic Acid Are 
Present in the Bovine Cervix and Can Regulate Cervical Prostanoid Synthesis 1 

D. Mizrachi and M. Shemesh 2 
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ABSTRACT 

The hypothesis that FSH regulates the bovine cervical pros- 
taglandin E 2 (PGE 2 ) synthesis that is known to be associated with 
cervical relaxation and opening at the time of estrus was inves- 
tigated. Cervical tissue from pre-estrous/estrous, luteal, and 
postovulatory cows were examined for 1) the presence of bovine 
(b) FSH receptor (R) and its corresponding mRNA and 2) the 
effect of FSH on the PGE 2 regulatory pathway in vitro. The pres- 
ence of bFSHR mRNA in the cervix (maximal during pre-estrus/ 
estrus) was demonstrated by the expression of a reverse tran- 
scription (RT) polymerase chain reaction (PCR) product (384 
base pairs) specific for bFSHR mRNA and sequencing. Northern 
blotting revealed three transcripts (2.5, 3.3, and 3.8 kilobases 
[kb]) in cervix from pre-estrous/estrous cows. The level of FSHR 
(75 kDa) was significantly higher (p < 0.01) in Western blots of 
pre-estrous/estrous cervix than in other cervical tissues. There 
was a good correlation between the 75-kDa protein expression 
and its corresponding transcript of 2.55 kb throughout the es- 
trous cycle as described by Northern blot analysis as well as RT- 
PCR. Incubation of FSH (1 0 ng/ml) with pre-estrous/estrous cer- 
vix resulted in a 3-fold increase in the expression of FSHR and 
a 2-fold increase in both G protein (a s ) and cyclooxygenase II. 
FSH (5-20 ng/ml) significantly increased (p < 0.01) cAMP, ino- 
sitol phosphate {p < 0.01), and PGE 2 (p < 0.01) production by 
pre-estrous/estrous cervix but not by cervix at the other stages. 
We conclude that bovine cervix at the time of the peripheral 
plasma FSH peak (pre-estrus/estrus) contains high levels of 
FSHR and responds to FSH by increasing the PGE 2 production 
responsible for cervical relaxation at estrus. 

INTRODUCTION 

FSH and LH are the two known pituitary hormones that 
regulate gonadal functions. FSH is essential for female fer- 
tility, specifically for folliculogenesis, and human ovarian 
failure has been related to mutations both in the FSH re- 
ceptor (FSHR) and in the FSH|3 gene [1]. However, unlike 
LH; for which extra-gonadal binding has been documented 
for the uterus in the^cow [2], pig [3], and human [4], no 
extra-gonadal effects of FSH have been reported. The uter- 
ine LH receptors have been shown to be physiologically 
active in the cow [2. 5]. The concentration of uterine LH 
receptors is related to the phase of the cycle, and binding 
of LH to uterine receptors increases uterine prostaglandin 
synthesis [2, 5]. Preliminary observations in our laboratory 
indicated that both FSH and LH receptors are also present 
in the cervix. We therefore investigated whether FSHRs are 
associated with the regulation of cervical prostaglandin, 
particularly around the time of estrus, when both cervical 
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PGE 2 production [6] and peripheral FSH concentrations are 
maximal. 

The present investigation was therefore conducted to de- 
termine the presence of FSHR and its mRNA, and its phys- 
iological activity, in the bovine reproductive tract. Since the 
cervix is a prostaglandin Ej (PGEi)- and PGE 2 -sensitive 
tissue and responds to hormonal stimulation, we also de- 
termined whether FSH could increase cervical cyclooxy- 
genase expression and production of PGE 2 in vitro, partic- 
ularly at the time near estrus. 

MATERIALS AND METHODS 

Animals 

Cervical and ovarian tissues were collected from Hol- 
stein cows at a local abattoir. The stage of the cycle was 
determined according to signs of ovulation and the status 
of corpora lutea (CL; weight, color). These parameters al- 
lowed the classification of the cervix into three groups: 1) 
pre-estrous/estrous (follicular, 18-20 days postoviilation; 
regressed CL < 1.0 g; presence of cervical mucus; n = 
54); 2) postovulatory (1-4 days postoviilation; presence of 
corpora hemorrhagica; signs of follicular rupture; n = 35), 
and 3) luteal (12-16 days postoviilation; CL 4-6 g; n = 
44). Bovine granulosa cells were collected from pre-es- 
trous/estrous follicles and used as a positive control for 
FSHR expression [7]. 

The cervix external os segment was taken as the initial 
3 cm of the cervix (total length of cervix is about 9 cm). 
The cervical os segments, primarily luminally oriented 
muscularis with epithelium, were sliced into horizontal 
strips (1 cm in length), pooled, and minced finely with a 
scalpel. The Kimron Veterinary Institute Animal Care and 
Use Committee approved all procedures. 

FSHR Gene Expression 

RNA isolation. Bovine cervical or ovarian tissues were 
rapidly dissected and frozen in liquid nitrogen (within 20 
min after slaughter). Total RNA was extracted using the 
acid phenol, guanidine thiocyanate technique [8], using 
TriReagent (Molecular Research Center, Inc., Cincinnati, 
OH) according to the manufacturer's instructions. 

Reverse transcription (RT)-polymerase chain reaction 
(PCR). Bovine FSHR mRNA was detected as previously 
described for the LH receptor mRNA [5]. Oligonucleotides 
corresponding to the published sequence of the bovine 
FSHR [7] were synthesized and used as primers in a PCR 
reaction. Bovine ovarian and cervical tissue cDNA ob- 
tained by RT of 2 \±g RNA was used as a template in the 
PCR reaction using a pair of primers corresponding to the 
transmembrane segments of the FSHR. The primers, 20- 
mcr each, were selected using the OL1GO Program (Oligo 
Rl primer analysis software; National Biosciences, Plym- 
outh. MN). The forward primer corresponded to position 
1399-1419 (5 'CGGCTTTTTCACTGTCTTTG3 ') on the 
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bovine FSHR mRNA [7]. The reverse primer was a 20-mer 
oligonucleotide complementary to position 1763-1783 
(5 'CGCTTGGCTATCTTGGTGTC3 '). The predicted size 
of the RT-PCR product was 384 basepairs (bp). Four mi- 
croliters of the RT reaction were used as a template for 
PCR; the reaction was allowed to proceed 35 cycles using 
2 U Termus Aquaticus DNA polymerase (recombinant) 
provided by MBI Fermentas, Vilnius, Lithuania, and 200 
pmol of each primer. The cycling parameters of the PCR 
were 98°C for 20 sec, 56°C for 45 sec, and 72°C for 45 
sec. After amplification the samples were separated on a 
1% agarose gel, stained with ethidium bromide, and pho- 
tographed under UY light. The 384-bp fragment was ex- 
tracted using the Wizard PCR Preps Kit (Promega, Madi- 
son, WT) and sequenced with the upper primer using an 
automatic sequencer (Applied Biosystems, Foster City, 
CA). For internal control, a bovine 0-actin fragment of 890 
bp was produced from an upper primer (5'ACCA- 
ACTGGGACGACATGGAG3'; 21 mer) and a lower prim- 
er (5 'GCATTTGCGGTGGACAATGG A3 ' ; 21 mer) as pre- 
viously described [5]. Each PCR amplification was stan- 
dardized using ovarian granulosa cDNA to produce a spe- 
cific band of the predicted size. Standardization was based 
on temperature, cycle number, Mg level, and pH. 

Western Blots 

Cervical, bovine seminal vesicle, or muscle minces were 
sonicated for 45 sec, lysed in 500 p.1 lysing buffer (1% 
Nonidet-40 [Sigma, St. Louis, MO], 2 mM EGTA, 5 nM 
MgCl2, 1 mM PMSF in PBS) and incubated for 2 h at 4°C. 
After centrifugation, aliquots were taken for protein deter- 
mination using gamma globulin (Sigma) as reference stan- 
dard [9] and a protein dye binding method (Bio-Rad Lab- 
oratories, Richmond, CA). Sixty micrograms of protein of 
the soluble tissue extract was then separated by electropho- 
resis on 5-9%-gradient SDS-PAGE and electroblotted onto 
nitrocellulose paper (Amersham, Little Chalfont, Bucks, 
UK) as described previously [9]. The nitrocellulose mem- 
brane was washed with PBS containing 0.05% TWEEN-20 
and blocked with 10% horse serum (Kimron Veterinary In- 
stitute) in washing solution. The nitrocellulose membrane 
was then treated with either 1) an anti-peptide antibody 
(code name 179) raised against human (h) FSHR peptide 
265-295, diluted 1:500 (donation of Dr. J.A. Dias, Wads- 
worth Center, New York State Department of Health); 2) 
rabbit antiserum for bovine G protein (a s ) diluted 1:1000; 
UB1, Lake Placid, NY); or 3) rabbit anti-bovine cycloox- 
ygenase polyclonal antiserum (diluted 1:200; Kimron Vet- 
erinary Institute) [9]. Different dilutions were used for each 
antibody, and the final dilution used was 75% of the dilu- 
tion, which gave a maximal signal as previously described 
[9]. The nitrocellulose paper was then incubated with horse- 
radish peroxidase-conjugated goat anti-rabbit IgG (Sigma 
Israel, Rehovot, Israel; diluted 1:2000 in washing buffer) 
for 1 h at room temperature. The presence of FSHR, G 
protein (ot s ), or cyclooxygenase was then visualized by 
means of a color reaction as follows. The nitrocellulose 
paper was incubated in a substrate solution containing 3 '3'- 
diaminobenzidine (0.5 mg/ml; Sigma) in a mixture of PBS 
containing 0.5% CaCl 2 and 6% H 2 0 2 . The antibody to 
hFSHR recoenized the 75-kDa protein of the FSHR. The 
antibody to G (a s ) recognized both the 42-kDa and 87-kDa 
forms of this protein, and the antibody to cyclooxygenase 
recognized the 72-kDa form (cyclooxygenase 11). Extract 
of bovine seminal vesicles that are known to have a high 



content of cyclooxygenase was used as positive control as 
previously described [9]. The densitometric scans were ob- 
tained using a bio-imaging system (B.I.S. 2020; Rhenium 
Dingo, Jerusalem, Israel) and processed with Tina 2.0 soft- 
ware (Fuji, Japan). Linearity of detection [9] was deter- 
mined for densitometry for both Western and Northern 
blots. Each Western blot was evaluated in the. absence of 
the first antibody, and no signal was detected. 

Northern Blot Analysis 

For Northern blots, 10 u,g of total RNA was denatured 
in 20 pJ 50% formamide/2.2 M formaldehyde in single- 
strength 3-(/7-morpholino) propanesulfonic acid (MOPS) 
buffer (0.04 M MOPS, 10 mM sodium acetate, 1 mM 
EDTA) at 65°C for 10 min. Samples were placed on ice, 
and 5 pJ of loading buffer (0.5% SDS, 0.25% bromophenol 
blue, 25% glycerol, 25 mM EDTA) was added. Samples 
were subjected to electrophoresis through a 1.2% agarose 
formaldehyde gel and transferred by capillary blotting to 
nylon membranes (Nytran; Schleicher and Schuell, Keene, 
NH). RNA was subsequently UV cross-linked to mem- 
branes. The RT-PCR product fragments of 384 bp for 
FSHR and 890 bp for p-actin were used to generate bioti- 
nylated probes using random primer biotin labeling of DNA 
for chemiluminescence (NEBlot phototype kit; Biolabs, 
Beverly, MA) according to the manufacturer's instructions. 
The blotted membrane was prehybridized at 65°C for 1 h 
in prehybridization solution (6-strength SSC [3 M NaCl, 
0.3 M sodium citrate], 5-strength Denhardt's reagent [1%. 
ficoll, 1% polyvinylpyrrolidone, 1% BSA], 0.5% SDS, and 
100 p-g/ml denatured salmon sperm DNAs) and hybridized 
overnight in the same solution with the denatured biotiny- 
lated probe to the target RNA. The membrane was then 
washed in double-strength SSC, 0.1% SDS at room tem- 
perature for 10 min and washed again in 0.1-strength SSC, 
0.1% SDS at 68°C for 15 min followed by subsequent 
chemiluminescence, development, and detection on x-ray 
film (RX; Fuji Film, Tokyo, Japan). To obtain quantitative 
data for the specific mRNA, we used the densimetric value 
for p-actin mRNA to normalize each specific mRNA value. 
To remove FSHR probe, membranes were stripped using 
water for 15 min, then incubated in 0.4 M NaOH, 0.1% 
SDS at 80°C for 30 min. The membrane was rinsed again 
in 0.2 M Tris-HCl, 0.1-strength SSC for 30 min at 25°C. 
After stripping, prehybridization and hybridization with (S- 
actin probe were performed as described for FSHR mRNA. 

Cyclic AMP Determinations 

Cervical tissue minces (50 mg/ml) were incubated for 
10 min in wells of 1.5 ml containing 1.0 ml of Tissue Cul- 
ture Medium- 199 (TCM-199 without serum (Biological In- 
dustries, Beit Haemek, Israel) in the absence or presence 
of physiological (5, 10 ng/ml) and pharmacological doses 
(20, 40 ng/ml) of FSH (USDA-bFSH-8-1 ; no further in- 
crease in cAMP production was seen at 50 or 100 ng/ml) 
or forskolin, a stimulator of adenylate cyclase (10 p,M; Sig- 
ma). The dose of forskolin was selected to give a 3-fold 
increase in cAMP. At the end of the incubation, tissues were 
removed, blotted on filter paper to remove mucus, and in- 
cubated overnight at 4°C with 400 uJ of 3% HC10 4 . The 
solution was then neutralized with 150 pJ of KHC0 3 and 
centrifuged, and 50-pJ aliquots were taken for the radiore- 
ceptor assay as described by Brown et al. [10] and modified 
for endometrium by Miyazaki et al. [11]. Standards (0- 
1000 pg of cAMP) or samples were incubated at room tern- 
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FIG. 1 . RT-PCR amplification of bovine cervix FSHR and p-actin mRNA. 
RT-PCR was performed as described in Materials and Methods for FSHR 
and p-actin. Separate RT-PCR amplification products of FSHR (estimated 
384 bp) and p-actin (estimated 890 bp) were combined and separated on 
agarose gel electrophoresis and stained with ethidium bromide. RT-PCR 
was performed using 2 jig RNA of bovine granulosa cells as a positive 
control (lane 1), cervical tissue at the pre-estrous/estrous (lanes 3-4), post- 
ovulatory (lanes 5-6), and luteal phases (lanes 7-8). Lanes 9-10 represent 
rearnplification, using as template the PCR product, cDNA, from the lu- 
teal-phase amplification. Lane 2 represents negative control in the ab- 
sence of RNA. The tissue was taken from 4 cows at each stage of the 
estrous cycle, and two representative samples from each stage are shown. 
SM, size markers. 



peratiire with 100 uJ of cAMP binding protein prepared 
from bovine adrenal extracts as described [10]. The buffer 
used for the assay was added to form a final reaction vol- 
ume of 400 |xl. After 2-h incubation in a cold room, the 
reaction was stopped by adding 300 jxl of a charcoal-dex- 
tran solution; centrifugation followed, and the supernatant 
was removed for counting in a scintillation counter. The 
sensitivity of the assay was 60 pg/tube. Quadruplicate as- 
says were made for each value determined. The within- 
assay and between-assay coefficients of variance were 8% 
and 10%, respectively. 



1401 

BTFSH GCTTTTTCAC TGTCTTTGCC AGTGAGCTCT CAGTCTACAC TCTGACCGCC 
Cervix GCTTTTTCAC TGTCTTTACT AGTGAGCTCT CAGTCTACAC TCTGACCGCC 

BTFSH ATCACGCTGG AAAGATGGCA TACCATCACC CATGCCATGC AGCTCGAATG 
Cervix ATCACGCTGG AAAGATGCCA TCCCATCACC CGTGCCATGC AGCTCGAATG 

BTFSH CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 
Cervix CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 

BTFSH TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 
Cervix TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 

BTFSH AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 
Cervix AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 

BTFSH CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 
Cervix CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 

BTFSH GTGGCTGCTA CACTCACATC TACCTCACGGTGAGGAACCC CAACATCACA 
Cervix GTGGCTXCTT CACTCACATC TACCTCACGG TGAGGAACCC CAACATCACA 

1761 

BTFSH TCCTCTTCTA GTG 
Cervix TCCTCTTCTA GTG 

FIG. 2. Au lorn a ted nucleotide sequencing and homology between Bos 
taurus mRNA FSHR (GenBank accession number L22319) from nucleo- 
tides 1401 to I 763 and the PCR products obtained using the upper primer 
as described in Materials and Methods. A homology of 97.5% was found 
between Bos taurus and our amplified cONA obtained by RT-PCR from 
cervical mRNA at pre-eslrus/estrus,, suggesting thai they are complemen- 
tary. 



Measurement of Phospholipase C (PLC) Activity 

Cervical minces (30 mg) were incubated in 1 ml TCM- 
199 containing 5 mCi [ 3 H]myo-inositol for 90 min. Slices 
were rinsed with 1 ml TCM-I99 and incubated for another 
60 min to remove unincorporated [ 3 H]myo-inositol. At the 
end of the preincubations, slices were incubated in 1 ml 
TCM-199 containing 10 mM LiCl to inhibit inositol phos- 
phate (IP) hydrolysis, allowing 3 H-IP, 3 H-IP 2 , and 3 H-IP 3 to 
accumulate in the tissue after stirriulation of PLC, in ab- 
sence or presence of 0-20 ng/ml of FSH or 0-20 ng/ml 
LH (USDA bLH-I-1). Incubations were terminated by add- 
ing 2 ml ice-cold chloroform/methanol/hydrochloric acid 
(5:10:0.1, v:v:v) and then 1 ml chloroform and 1 ml EDTA 
(5 mM) and extracted as described by Kisielewska et al. 
[12]. 3 H-IP, 3 H-1P 2 , and 3 H-IP 3 were separated from the 
labeled inositol compounds by using Dowex AG 1-X8 (for- 
mate form). 3 H-Labeled IP was eluted from the column by 
sequential elution into 10 fractions. Aliquots of each frac- 
tion were added to scintillation vials containing 5 ml scin- 
tillation fluid, and radioactivity was determined using a 
scintillation counter. Total activity of PLC is expressed as 
cpm of total IPs/30 mg/30 min. 

RIA for PGE 2 and PGF 2a 

Aliquots of 100 |xl were taken at the end of the incu- 
bation period for specific RIA of PGE 2 and PGF 2n , which 
were performed without chromatographic separation. The 
antisera for PGF 2a (Sigma) reacts preferentially with PGF 2tt 
but cross-reacts with PGF la (60%) and to a negligible ex- 
tent (< 0.1%) with prostaglandins of the A, B, and E series. 
The antisera to PGEo (Sigma Israel) reacts preferentially 
with PGE 2 but cross-reacts with PGE t (20%), PGA,, PGA 2 , 
PGF 1(i , and PGF 2tt (< 10%) and to a negligible extent with 
PGB^and PGB 2 ~(< 0.1%). The intraassay coefficients of 
variation were 9% and 1 1%, and the interassay coefficients 
of variance were 12.3% and 13% for PGF 2 „ and PGE 2 . 

Statistical Analysis 

ANOVA was performed with a significance level of p 
< 0.05. Data were further analyzed using Tukey's proce- 
dure (p < 0.05 orp < 0.01) to assess significance between 
treatments. Student's /-test was used where appropriate. 
Values are expressed as means ± SEM. 

RESULTS 

FSHR mRNA Expression in the Cervix 

RT-PCR demonstrated that the FSHR gene is expressed 
in bovine cervix as indicated by the presence of the 384- 
bp fragment corresponding to bFSHR mRNA. The mRNA 
was maximally expressed in the cervix during the pre-es- 
trous/estrous phase. In contrast, the expression of the gene 
was reduced in postovulation cervix and not detectable in 
luteal-phase cervix (Fig. 1). However, rearnplification of the 
PCR product, cDNA, from the luteal phase produced a de- 
tectable signal (Fig. 1 ). 

To demonstrate that the absence of FSHR mRNA in lu- 
teal-phase cervix was specific, bovine p-actin mRNA was 
used as internal control. PCR demonstrated that the specific 
890 bp of the p-actin cDNA band was produced by the 
cervical tissues of all the stages. The band for p-actin was 
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FIG. 3. Northern blot for analysis of total RNA (10 n-g) extracted from 
bovine cervical tissues collected from pre-estrous/estrous, postovulatory, 
and luteal-phase cows, and bovine granulosa cells as a positive control. 
Relative migration of 28S and 1 8S ribosomal RNA is indicated. To localize 
mRNA for FSHR and |J-actin, our RT-PCR products (384-bp and 890-bp 
fragments, respectively) were used to generate biotinylated probes using 
biotin random primer. Figure shows results for FSHR mRNA in bovine 
granulosa cells as a positive control (lane A); and in cervical tissues at 
pre-estrus/estrus (lanes 13-Q, postovulation, (lanes D-E) and the luteal 
phase (lanes F-G). The corresponding 0-actin band was obtained by re- 
probing of the membranes previously tested for FSHR mRNA as described 
in Materials and Methods. Columns show mean ± SEM of the optical 
density of the ratio FSHR:p-actin, in which the luteal phase is given an 
arbitrary value of 1.0. "Significantly different from luteal-phase value (p 
< 0.01); n = 5 for each stage. 
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FIG. 4. Presence of FSHR protein in cervical tissues as determined by 
Western blot. Soluble cell extracts (60 p.g protein) were used to determine 
the amount of FSHR as described in Materials and Methods. Western blot 
proteins were transferred to nitrocellulose paper and probed with anti- 
serum to peptide hFSHR, 265-296. Western blot displays a representative 
result for bovine granulosa cells, used as positive control (lane A); bovine 
seminal vesicles (lane B) and muscle, used as a negative control (lane C); 
and cervical tissues from three stages of the estrous cycle: pre-estrous/ 
estrous (lane D), postovulatory (lane E), and luteal (lane F). Histogram 
summarizes the results for the three stages of the estrous cycle. Columns 
show mean ± SEM of the relative optical density in which the luteal phase 
is given an arbitrary value of 1 .0. *Significantly different from luteal-phase 
value {p < 0.01); n = 7 for each stage. 



present even though the 384-bp band corresponding to the 
FSHR was absent (Fig. .1). 

The nucleotide sequence (Fig. 2) of the 384-bp fragment 
obtained from pre-estrous/estrous cervix was compared 
with that for the Bos taurus FSHR reported by Houde et 
al. [7]. It was found that there was a 97.5% homology be- 
tween the 384-bp fragment and the nucleotide range 1410- 
1763 found in the Bos taurus FSHR. 

The Northern blot contained the expected three tran- 
scripts of 2.55, 3.3, and 3.8 kilobases (kb) present in the 
bovine granulosa. However, the high (6.8-kb) and low (1.6- 
kb) transcripts found in the ovary were not found in the 
cervix. The three transcripts were found in pre-estrous/es- 
trous cervix, but only one transcript (2.55 kb) was seen in 
luteal cervix (1/8 of the pre-estrus/estrus level; n = 5) or 
postovulatory cervix (1/3 of the pre-estrus/estrus level; n = 
5) (Fig. 3). 
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FIG. 5. Effect of incubation of cervical tissues with FSH on the expres- 
sion of the FSHR protein. Cervical tissue from 5 pre-estrous/estrous cows 
was incubated in the absence or presence of FSH (0 or 1 0 ng/ml). Western 
blot is representative tor FSH protein concentration after 3 h of incuba- 
tion, with granulosa cell extract serving as positive control. Lane A, Gran- 
ulosa cells (CC); lane B, cervical tissue at Time 0; lane C, cervical tissue 
after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 h of 
incubation with 10 ng/ml of FSH. Lane E represents muscle tissue incu- 
bated with FSH (10 ng/ml) for 3 h as a negative control. Histogram sum- 
marizes the results of six experiments. Columns are means ± SEM. *Sig- 
nificantly different (p < 0.01) from the column representing the control 
at 3 h (a given value of 1). 



FSHR Protein in the Cervix 

The presence of FSHR protein in the cervix was dem- 
onstrated as determined by Western blot analysis using a 
specific antipeptide antibody for hFSHR. The antibody rec- 
ognized a 75-kDa protein in both bovine granulosa and 
cervical preparations identical with the predicted molecular 
size of FSHR. The signal for the 75-kDa protein was stron- 
gest in pre-estrous/estrous cervix when compared with 
postovulation- (3-fold) or luteal-phase (6-fold) cervix (Fig. 
4). With the use of 60 jxg protein in each lane, this protein 
was observed to be expressed throughout the estrous cycle. 

In Vitro Effect of FSH on induction of FSHRs 

A time-course ("0.75. 1.5, and 3 h) and dose-response (0., 
10. and 20 ng/ml) study was carried out to determine in 
vitro effect of FSH on its own receptor. Cervical minces 
(100 mg) from cows in the pre-estrous/estrous, postovula- 
tory, and luteal phases were used. It was found, as deter- 
mined by Western blot, that FSH induced its own receptor 
in cervical tissues at pre-estrus/estrus, with a 3-fold increase 
(p < 0.01) observed at 10 ng/ml after 3 h of incubation 
(Fig. 5). However, no effect of FSH was seen at earlier 
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FIG. 6. Effect of incubation of cervical tissues with FSH on the synthesis 
of G protein. Cervical tissues from 5 pre-estrous/estrous cows were in- 
cubated in the absence or presence of FSH (10 ng/ml). Both the 87-kDa 
G protein (a, (i, y complex) and 42-kDa protein (a,) are elevated at 3 h 
of incubation. Granulosa cell extract was used as a positive control. Lane 
A, Granulosa cells (GC); lane B, cervical tissue at Time 0; lane C, cervical 
"tissue after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 
h of incubation with 10 ng/ml of FSH. Columns are means ± SEM of 42- 
kDa protein. *Significant|y different (p < 0.05) from the column repre- 
senting the control at 3 h (with an arbitrary value of 1 .0). 



times at the 10 ng/ml level. When 20 ng/ml was used, a 
stimulatory effect (2-fold) was seen after 1.5 h. No signif- 
icant response was observed when tissues of the postovu- 
latory or luteal phase were used at any dose or time tested 
(data not shown). 

Effect of FSH Treatment on C Protein (a J 

A time-course and dose-response study was carried out 
to determine whether cervical FSHR was coupled to G pro- 
tein. Cervical minces (100 mg) from cows in the pre-es- 
trous/estrous, postovulatory, and luteal phases were incu- 
bated in the presence of FSH (0-20 ng/ml) for 0.75, 1.5, 
and 3 h. It was found in pre-estrous/estrous cervical tissue 
that, in the presence of FSH (10 ng/ml), there was a sig- 
nificantly (p < 0.05) higher level of G protein (a s ) at the 
level of both the 87-kDa~(a, 0, 7 complex) and the 42-kDa 
(a s ) proteins after 3 h of incubation (Fig. 6). FSH, at either 
10 or 20 ng/ml, did not have a stabilizing effect on the 
level of G protein (a s ) at shorter times of incubation (0.75 
or 1.5 h). No significant response was observed when tis- 
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FIG. 7. Effect of FSH on IP production in cervical tissue. Cervical tissues 
from six cows at each of three stages of the cycle were incubated for 30 
min in the absence or presence of FSH (10 ng/ml) or LH (ng/ml). IPs 
produced were determined in four replicates by amount of labeled com- 
pound (cpm) produced. Columns are means ± SEM (*p < 0.05; **p < 
0.01 ; significantly different from control value for each stage of the cycle). 



sues of the postovulatory or luteal phase were used at any 
dose or time tested (data not shown). 

IP Pathway Activation by FSH 

For IP measurement, cervical tissue minces (30 mg) 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated for 30 min in the absence or presence 
of FSH (10 ng/ml) or LH (10 ng/ml). FSH significantly (p 
< 0.01) increased the level of IP, IP 2 , and IP 3 at pre-estrus/ 
estrus. However, FSH significantly (p < 0.05) inhibited IP 
level in the postovulatory stage. In contrast, LH, but not 
FSH, 4 stimulated IPs significantly {p < 0.01) at the luteal 
phase (Fig. 7). 

Adenylate Cyclase Activation by FSH 

A dose-response analysis was used to determine whether, 
the cervical FSHR was coupled to adenylate cyclase. In 
these experiments, cervical tissue minces (50 mg) obtained 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated with FSH (0-40 ng/ml). FSH in- 
creased cAMP accumulation in a dose-dependent manner 
when incubated with pre-estrous/estrous cervical tissues, 
with maximal stimulation 2.5 times (j? < 0.01) that of con- 
trol in the presence of 10 ng/ml (Fig. 8 A). In contrast, cer- 
vical tissue from luteal or postovulation did not respond to 
FSH even though tissues from all phases of the cycle re- 
sponded to forskolin with a significant (ji < 0.01) increase 
in cAMP (Fig. 8B). 

Effect of FSH on PGE Production by Cervical Tissues 

A dose-response analysis was carried out to determine 
whether FSHR was associated with cervical prostaglandin 
production. PGE 2 and PGF 2u production by cervical minces 
(100 mg/ml) in the presence of FSH (0-20 ng/ml) was de- 
termined by RIA. FSH stimulated (/; < 0.01) basal PGE 2 
production in a dose-dependent manner and caused a 3-fold 
increase in PGE 2 production at 10 ng/ml in pre-estrous/ 
cstrous cervical tissues (n = 8, Fig. 9). FSH had no effect 
on the small amount of basal PGF 2tt (< 1 ng/100 mg) pro- 
duced by cervical tissue (data not shown). FSH did not 
elevate PGE 2 in cervical tissues from the luteal phase; fur- 
thermore, a small but significant (p < 0.05) inhibition was 
observed at postovulation (Fig. 9). 
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FIG. 8. Effect of FSH on adenylate cyclase production in cervical tissue. 
A) Cervical tissues from six cows at pre-estrus/estrus were incubated (4 
replicates) for 10 min in the absence or presence of FSH (0, 5, 10, 20, or 
40 ng/ml) or forskolin (10 |xmol/L), and the amount of cAMP produced 
was measured by a protein binding assay. B) Cervical tissues from six 
cows at each of the three stages of the estrous cycle were incubated (4 
replicates) for 10 min in the absence or presence of FSH (10 ng/ml) or 
forskolin (10 u.M). The amount of cAMP produced was measured by a 
protein binding assay. Columns are means ± SEM. Columns with asterisks 
were statistically different from their own control (*p < 0.01 ; **p < 0.05). 
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RG. 9. FSH dose response on production of PGE 2 by cervical tissues. 
Cervical tissues from 8 pre-estrous/estrous, postovulatory, or luteal-phase 
cows were incubated in the absence or presence of FSH (5, 10, or 20 ng/ 
ml) for 6 h, and the effect on the production of PGE, was measured by 
RIA. *p < 0.01; **p < 0.05. 
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FIG. 10. Effect of incubation of cervical tissues with FSH on the ex- 
pression of cyclooxygenase. Cervical tissues from 5 pre-estrous/estrous 
cows were incubated in the absence or presence of FSH (10 ng/ml). The 
72-kDa cyclooxygenase II protein was elevated at 3 h of incubation. Lane 
A, bovine granulosa cells (GC); lane B, cervical tissue at Time 0; lane C, 
cervical tissue after 3 h of incubation in TCM-199; lane D, cervical tissue 
after 3 h of incubation with 10 ng/ml of FSH. Columns are means ± SEM 
of 72-kDa protein. 'Significantly different (p < 0.01) from the column 
representing the control at 3 h (with an arbitrary value of 1.0). 



Cyclooxygenase Activation by FSH 

To determine whether the presence of FSHR was asso- 
ciated with the expression of cyclooxygenase, cervical 
minces were incubated for 3 h in the presence or absence 
of FSH (10 ng/ml). Tissues from pre-estrous/estrous, post- 
ovulatory, and luteal-phase cows were extracted, separated 
on SDS-PAGE, and tested for the cyclooxygenase 11 (72 
kDa) using a specific antibody. It was found that in cervical 
tissues from six pre-estrous/estrous cows, FSH induced a 
200% increase in the expression of cyclooxygenase after 3 
h of incubation (Fig. 10). In contrast, no effect on cyclo- 
oxygenase expression was seen in cervical tissues from lu- 
teal-phase cows, and an insignificant (j? > 0.05) elevation 
at the postovulatory phase was observed (data not shown). 

DISCUSSION 

Results of this study demonstrate by both PCR amplifi- 
cation and Northern blot analysis that FSHR mRNA is pres- 
ent in the bovine cervix. The bands corresponding to the 
receptor (75 kDa) and its mRNA were maximally expressed 
during the pre-estrous/estrous phase. Incubation of cervical 
tissues with FSH increased the expression of cyclooxygen- 



ase and the production of PGE 2 (and possibly PGEi) at the 
pre-estrous/estrpus phase. The stimulation of cervical cy- 
clooxygenase was associated with activation of both the 
PLC and adenylate cyclase second messenger G-protein re- 
lated pathways. 

Northern blot analysis of bovine cervical tissues from 
pre-estrous/estrous cows revealed multiple transcripts for 
bovine cervical FSHR. The sizes of the major transcripts 
were 2.5 kb, 3.3 kb, and 3.8 kb, which were similar to those 
obtained in bovine granulosa cells [7], rat testis and ovary 
[13, 14], and human ovary [15] and myometrium [16]. Oth- 
er minor transcripts have been reported in all of these spe- 
cies. The RT-PCR product yielded a single band of 384 bp, 
which was the expected molecular size, so the different 
isoforms of the FSHR are probably the result of differential 
splicing of the same transcript. Isoforms of FSHR have 
been characterized in human [17] and primate [18] ovary 
and in ovine testis [19]. Since only a single 2.5-kb isomer 
was present in luteal-phase cervix (which did weakly pro- 
duce FSHR), it would appear that there are different iso- 
forms present in the bovine cervix as well. 

The nucleotide sequence homology between our RT- 
PCR 384-bp product was 97.3% identical to the comparable 
region of the bovine FSHR, showing that our amplified 
cDIMA was complementary to the Bos taurus mRNA FSHR. 
The PCR product of 384-bp cDNA was found primarily in 
the pre-estrous/estrous cervix. 

Using specific antibody raised in rabbits against hFSHR 
(amino acid sequence 265-296) for Western blot analysis 
resulted in a major signal for a 75-kDa protein. A protein 
of similar molecular mass has been reported in rat and hu- 
man ovary [20]. A strong signal for this protein was seen 
in the pre-estrous/estrous cervix compared with cervix from 
the other stages of the cycle. This cervical receptor was 
regulated by FSH itself, similar to the regulation of the 
FSHR in the rat ovary [14]. 

FSH increased cAMP production by cervical tissue from 
the pre-estrous/estrous phase but did not elevate cAMP in 
the postovulatory and luteal phases. FSH elevation of IPs 
displayed the same pattern. It would therefore appear that 
the cervical FSHR is associated with signal transduction 
pathways in a way similar to the accepted mechanism of 
LH action in the ovary and testes, i.e., activation of the 
second messenger pathways — adenylate cyclase [21] and 
phosphatidyl-inositol (PLC) [22, 23]. The inhibitory effect 
of FSH on IPs and cAMP at postovulation occur when 
FSHR is low. Since FSH activity is biphasic, i.e., is stim- 
ulated by a low dose and inhibited by a high dose, an in- 
hibitory effect at low concentrations could be the result of 
the change in the ligand-receptor ratio. 

FSH induced about a 200% increase in the expression 
of cyclooxygenase at pre-estrus/estrus but had no effect on 
the two other stages of the cycle. This was similar to the 
response of cyclooxygenase to LH that was observed for 
the bovine endometrium [2] and uterine vein [6]. However, 
in the endometrium, LH increased cyclooxygenase during 
both the luteal and postovulatory phases but not at estrus 
[2]. Furthermore, the induction of cyclooxygenase by go- 
nadotropin in the endometrium was associated with an in- 
creased level of PGF 2fk , while in the cervix PGE 2 was the 
major product. 

The bFSH was of immunological grade and devoid of 
residual biological contamination of LH, thyroid-stimulat- 
ing hormone, growth hormone, prolactin, or ACTH. The 
effects on increasing cAMP, PGE 2 , and cyclooxygenase as 
well as induction of FSHR were therefore specific. Fur- 
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thermore, it was found that highly purified hFSH (10-20 
ng/ml) (donation of J.A. Dias) had the same effects as 
bFSH when incubated with cervical tissue under the same 
conditions (2.5-fold increase in cAMP; 3-fold increase in 
PGE 2 ; 2-fold increase in cyclooxygenase). 

The relaxation and opening of the gravid cervix is due 
to active biochemical and structural changes in the cervical 
connective tissue that are mediated in part by prostaglan- 
dins [24]. It is thought that stretching of the cervix is a 
factor in causing the release of these prostaglandins [25, 
26]. The effect of PGE in causing cervical softening in the 
ewe is also well documented [27-29]. In both nonpregnant 
and pregnant cows, PGE 2 causes an increase in cervical 
opening within 3 h of treatment [30]. PGE! administered 
intra-cervically in a jelly was shown to decrease cervical 
resistance within 24 h [31]. 

Recently, we reported [6] that oxytocin caused a signif- 
icant stimulation of PGE 2 production in vitro in cervical 
tissues from pre-estrous/estrous cows but had no effect on 
PGE 2 production in cervical tissue from other stages of the 
estrous cycle of the cow. Similarly, in an initial report [31], 
it was shown that administration of oxytocin to pre-estrous 
cows increased the concentration of PGE 2 in the cervical 
exudate. However, peripheral oxytocin concentrations dur- 
ing estrus are lower than during the luteal phase [32, 33], 
and elevations of both peripheral oxytocin and cervical 
oxytocin receptor concentration are necessary for oxytocin 
to cause cervical softening towards parturition [24]. Fur- 
thermore, progesterone in vitro induced a dose-dependent 
inhibition of PGE 2 release by cervical tissues from pre- 
estrous/estrous cows, and this was associated with a de- 
crease in both basal and oxytocin-stimulated PGE 2 produc- 
tion [6]. It would therefore seem that hormones other than 
oxytocin are responsible for the increase in cervical PGE 2 
in the pre-estrous/estrous cow. The present report indicates 
that FSH, which has its peak peripheral concentration at the 
time of estrus, could be the hormone that increases cervical 
PGE 2 , as the FSHR expression is maximal at this time and 
FSH in vitro increases PGE 2 production by the cervix. 

The bovine cervix at pre-estrus/estrus has high levels of 
FSHR protein and its corresponding mRNA. Activation of 
the receptor by FSH is associated with the G-protein-cou- 
pled receptor family that mediates the cAMP and IP sig- 
nalling pathways. These signalling pathways then increase 
the expression of cyclooxygenase and production of PGE 2 . 
The expression of the FSHR was maximal at the time of 
the FSH peak in the blood and suggests a physiological 
role for FSH in the relaxation and opening of the cervix at 
estrus. 
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The alpha(v)bcta6 intcgrin receptor for Foot-and-mouth disease vims is 
expressed coustitutively on the epithelial cells targeted iu cattle. 

MoMShml, GojdS, SimpsooJ, ZhangZ, WemrgbPH, yiojette SM, Alexandersen 
o, Jackson T . 

S'uk/"' An ' mal He3lth ' Pirbright Laborator y- Road, Pirbright, Surrey GU24 

Field strains of Foot-and-mouth disease virus (FMDV) use a number of alpha(v)- 
integrins as receptors to initiate infection on cultured cells, and integriris are believed to 
be the receptors used to target epithelial cells in animals, [n this study 
immunofluorescence confocal microscopy and real-time RT-PCR were used to 
investigate expression of two of the integrin receptors of FMDV, alpha(v)beta6 and 
alpha(v)beta3, within various epithelia targeted by this virus in cattle. These studies show 
that alpha(v)beta6 is expressed constitutively on the surfaces of epithelial cells at sites 
where infectious lesions occur during a natural infection, but not at sites where lesions 
are not normally formed. Expression of alpha(v)beta6 protein at these sites showed a 
good correlation with the relative abundance of beta6 mRNA. In contrast, alpha(v)beta3 
protein was only detected at low levels on the vasculature and not on the epithelial cells 
of any of the tissues investigated. Together, these data suggest that -in cattle 
aI P ha(v)beta6, rather than alpha(v)beta3, serves as the major receptor that determines the 
tropism of FMDV for the epithelia normally targeted by this vims 
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Uroldnase-mediatcd posttranscriptional regulation of urokinase-rcceptor 
expression in noa small cell lung carcinoma. 

MontuoriN, MattielloA, ManciniA, T^gli^^ 

Istituto di Endocrinologia ed Oncologia Sperimentale, Consiglio Nazionale delle 

Kicercne, Naples, Italy. 

The urokinase-typc plasminogen activator (uPA) and its cellular receptor (uPAR) are 

Ztf^r te ° T CaSead t f ° r tUm ° r CC " di ™^ and metastasis, 

and axe highly expressed m many human tumors. We have recently reported that uPA 
independently of ,ts enzymatic activity/is able to increase the expressfon of ite own ' 
recep or in uPAR-transfected kidney cells at a posttranscriptional level. In fact Zl 

ZhSr m ° dUlate / ^ 3Ctivity and/or the ,evel of a n.RNA-stabi.i'zing factor 
that binds the codmg region of uPAR-mRNA. We now investigate the relevance of uPA- 
rned.ated posttranscnpt.onal regulation of uPAR expression in non small cell lung 
carcmoma (NSCLC), ,n which the up-regulation of uPAR expression is a prognostic 

Tlul Zt ° W ^ '„ ab ! e 10 UPAR e « ion ' both •* and 

itiRNA levels, ,n pnmary cell cultures obtained from tumor and adjacent normal 1u„p 

{ C«S a w ected by NSC , LC ' thus suggestin s that ,he ™y™° °» * 

uPAR mRNA h (i 6 m ^^^ relationship among the levels of uPA, uPAR and 

^ot,? rf P ? n n(S) m NSCLC - Lung tissue of 3 5 NSCLC patients 

shows an mcrease of both uPA and uPAR in tumor tissues, as compared to adjacent 

oXleveUn/ 111 r P H atiCntS (77%) ' 19 ° f thCSe27 PaUentS als ° ^owa pill Urease 
of die level and/or bmdmg act,v,ty of a cellular protein capable of binding the coding 

'ZZl UPA ^ mRNA - Therefore > in t-sues, a stlg correlation! obsTrved" 
owf , C parameters > uPA > uPAR and the level and/or the activity of a uPAR- 

8 T m WC , SUggCSt th3t UPA reguiates uPAR ex P res *°" ^ NSCLC 
ld^hfZ CnP 'TK"^" 8 uPA ^tobilily through a cellular factor that 
binds the coding region of uPAR-mRNA. Copyright 2003 Wiley-Liss, Lie. 
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Vascular endothelial growth factor expression correlates with matrix 
metalloproteinases MT1-MMP, MMP-2 aud MMP-9 in human 
glioblastomas. 

Munaut C , Noel A, Hougrand CX Poidart JM. BoniverJ noj^jM' 

Laboratory of Tumour and Development Biology, University of Liege, Liege, Belgium. 

Vascular endothelial growth factor (VEGF) is the major endothelial mitogen in central 
nervous system neoplasms and it is expressed in 64-95% of glioblastomas (GBMs) 
Tumour cells are the main source of VEGF in GBMs whereas VEGF receptors (VEGFR- 
1, its soluble form sVEGFR- 1 , VEGFR-2 and neuropilin-1) are expressed predominantly 
by endothelial cells. Infiltrating rumour cells and newly-formed capillaries progress 
SSV he extracelluIar m «™ b V ,ocal proteolysis involving matrix metalloproteinases 
(MMPs). Recent studies have shown that VEGF expression and bioavailability can be 
modulated by MMPs. We reported previously that the expression of MT1-MMP in 
human breast cancer cells was associated with an enhanced VEGF expression We used 
quantitative RT-PCR, Western blot, gelatin zymography and immunohistochemistry to 
SSL T*?T?t l °" ° f VEGF ' VEGFR -'' VEGFR-2, sVEGFR-1, neuropilin-1, MT1- 

' MMP "2. MMP-9 and TIMP-2 in 20 human GBMs and 5 normal brains The 
express.on of these MMPs was markedly increased in most GBMs with excellent 
correlahon between mRNA and protein levels; activated forms of MMP-2 and MMP-9 
were present ^in 8/18 and 7/18 of GBMs. A majority of GBMs (17/20) also expressed high 
i™» 88 prev,ous, y re PO rt ed, with strong correlation between VEGF and MT1 - 

MMP gene expression levels, and double immunostaining showed that VEGF and MT1- 
MMP peptides co-localize in rumour and endothelial cells. Our results suggest that the 
interplay between metalloproteinases and VEGF previously described in experimental 
tumours may also be operative in human GBMs. Because of its dual ability to activate 
MMP-2 and to up-regulate VEGF, MT1-MMP might be of central importance in the 

. MS 3nd re P resent m 'nleresting target for anti-cancer treatments. Copyright 
2003 Wiley-Liss, Inc. 
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Xf^ U . LAR END0THELIAL GROWTH FACTOR EXPRESSION CORRFT atp* 
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Vascu br endothelial growth factor (VEGF) is the maior 
endo hehal mitogen in central nervous system ncop^ms 
and >t »s expressed in 64-95% of glioblastomas^ Msl 

cells was associated with an enhanced VEGF exrosio? wl 
|«ed quantitative RT-PCR. Western blot, geh^n zymo^ 

mRNA and protein levels; activated forms of MMP-2^3 

o„V -ported, with ftrpng corrS^bfJ^TG^S 

tumour and endothelial cells. O^SSKSSf^SS 
interplay between metalloproteinases and VEGF P reylou^ 

a h nT.o n u^regutaTe VEGF' MT, MMP^ 

€> ZV03 Wiley-Liss, Inc. 

Key words: VEGF; MMPs; glioblastomas; brain; rumor 



and ' S C i.' ,CaJ ' w < he d ««'opn«=m of normal time 

and sohd .umours. This process includes .be degrada.ion TZ 
ex.racellula, roa„„ (ECM) and >he proliferation" mi^on and 
d-f/erennooon of endothelial cells, and is finely Z*a Z £ 
inhibitory and prompting facers.'-' Among positive factors vas 
cular endothelial growth factor (VEGF) haf K«S as .£ 
major endothelial mitogen in central nervous system^ SWn! 
pasms.3 Strong VEGF expression has tadtSffi: 
h s.oehem.stry ,„ 64-95% of glioblastomas (GBMs)/-™^ 
th. , 7*2? ' COmm ? ma,ignam P»n"tive tumours of the CNS in 
adu ,s.' Microvascular proliferation is characteristic of these ,u 
mours and ,s an essential WHO diagnostic criteria.' Tumou, ceHs 
are the rna,n source of VEGF in GBMs whereas VEGF™cep,c "l 
are predominantly expressed by endothelial cells." Ttee ,e«T 

VFGFR 1 "7?,? affini ' y and "-Action sig„Sn« "T, 

VEGFR- I (flt-l) and VEGFR-2 (flk/KDR) belong to the Class 11 

^RP.r ° mCK,l " : "" VEGF *™labiliry.»..3 Neuropil^™ 
(NRPI) is a co-receptor for VEGF that increases by I0-fo7d the 

o moduJaie VLCF-mcdjaicd rumour aneio«enesis in humm ^ 
■gnat,, astrocytomas. -° The coordinated" upl.e^a fo o? VECp" 



InfiJlrabng rumour cells and newly-formed capillaries prowess 
through .he ECM by locaj proteolysis invoWing mant, 
proteinases (MMPs)."-" MM* ^ errzymes Aaf « 

synthesjzed as inactive zymogens. Their art vauc^S £ 
removal of a propepude by proteinase cleavage and can be Hri£ 
.ted by various tissue inhibitors of MMPs (TIMPs). M^MMPs 
are secreted as soluMc- enzymes bu, a subse, of ui» « taSS 
in me cell membrane by a transmembrane domain or by a glyco- 
. sylphosphataudyl-.nosilol anchor and are classified as m^nh^ 
»pe MMPs (MT-MMPs). "•'» In cultured tllu^ cT m^ 
MMPs tend to accumulate on. .he cyioplasmk mernbranTof 
invadopoda where ,hey seleoively mediate IbLl^SSL^ 

MMP-9. '^Among these MMPs, MTI-MMP might play a cen- 

? h remod£lin8 of ,he ECNJ as ,his 

MtT MMP h ^ aC,, K a,e MMt2 and MMP-13."^ Moreover. 
MTI-MMP has been shown to promote cell migration in various 

TTmmlr™! n ' embrane - 2J M and ^ "«= voce's" 
infegrinT^ ""^ f °' h y aJuronan ) M =>nd of a v 3 3 

MTI-MMP isinvolved in both developmental and rumour an- 
fenf nas'C ^ overexpression i„ human melanoma 
cells has been assoc.a.ed w„h enhanced in virro invasion and 
mcreased m v,vo tumour growth and vascularization « We have 
shown prev,ousry that in MCF-7 breast cancer cells, VEGF tran- 
scription is upregulaied when MTI-MMP is overexpressed.» Llp- 
regulatrc* of VEGF by MTI-MMP has also been reported in^ 

«r?L g,,0ma " n0graft *y ^rrugina « fl /.3o These 

«penmen.al daw suggest a link between MTI-MMP and .he 
VEGF ne.work. We have tested for the presence of such a link in 
human glioblastomas. We compared .he expressior, of VEGF and 
its receplors (VEGFR-I, sVEGFR-1, VEGFR-2, NRPI) with 
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MT1-MMP, MMP-2, MMP-9 arid ITMP-2 in a series of 20 GBMs 
and 5 normal brains. Using quantitative RT-PCR,. gelatin zymog- 
raphy, Western blot and immunohistochemistry, we showed a 
strong correlation between the expression of VEGF, MT1-MMP, 
MMP-2 and MMP-9 in GBMs. These results are in accordance 
with previous in vitro studies and add to the evidence of an 
interplay between VEGF and MMPs in the progression of human 
GBMs. 



MATERIAL AND METHODS 

Patients 

We studied 20 GBMs diagnosed at the Laboratory of Neuropa- 
thology-CHU Liege between 1997 and 2001. The series included 
17 primary GBMs no previous history of lower grade diffuse 
astrocytoma) and 3 secondary GBMs {Le., previous history of 
lower grade diffuse astrocytoma). Clinical information on these 20 
cases have been reported previously as part of a larger series. 3 1 The 
gender ratio was 1/1 , and the age at time of diagnosis ranged from 
41-79 years (mean 56 years). Normal brain cortex and white 
matter were obtained from 5 patients with intractable epilepsy 
treated by partial temporal lobectomy. Histological examination of 
these specimens showed severe hippocampal sclerosis; frozen tis- 
sue was sampled from microscopically normal inferior temporal 
gyri. Our study was approved by the Ethical Committee of the 
Faculty of Medicine of ihe University of Liege. 





TABLE I- 


- SEQUENCE OF PRIMERS AND TaqMan PROBES USED FOR RT-PCR STUDIES 






Gene and accession 
number 


Positjon 


Sequence 


Size 


Cycles 


MMP-2 FP 
MMP-2-RP . 
NM_004530 . 


I740F 
1964R 


5'-AGATCTrCTTCTTCAAGGACCGGTT-3' 
5VGGCTGGTCAGTGGCTTGGGGTA-3' 


225 bp 


33 


MMP-9-FP 
MMP-9-RP 
JQ5070 


1592F 
1800R 


5'-GCGGAGATTGGGAACCACCTGTA-3' 
5'-GACCCGCCTGTCTACACCCACA-3' 


208 bp 


37 


MMP-14-FP * 

MMP-14-RP 

NM_004995 


1288F 
I508R 


5'-GGATACCCAATGCCCATTGGCCA-3' 
5'-CCATTGGGCATCCAGAAGAGAGC-3' 


221 bp 


32 . 


T1MP1-FP 
T1MP1-RP 
Ml 2670 


: 78F 
245R 


5'-CATCCTGTTGTTGCTGTGCCTGAT-3' 
5 GTC ATCTTG ATCTC ATA A CGCTGG-3 ' 


168 bp 


33 


T1MP-2-FP 

T1MP-2-RP 

NM 003255 

VECF-FP 

VEGF-RP 

AH001553 


78F 
245R 

I208F 
1687R 


5 CTCGCTGG A CGTTGG A GG A A AG A A 3 ' 
5'-AGCCCATCTGGTACCTGTGGTTCA-3 r 

5'-CCTGGTGGACATCTTCCAGGAGTA-3' 
5'-CTCACCGCCTCGGCTTGTCACA-3' 


155 bp 

479 bp 
407 bp 
347 bp 
275 bp 


30 
33 


28S rRNA-RP 
28SrRNA-RP 
U 13369 


12403F 
126I4R 


5'-GTTCACCCACTAATAGGGAACGTGA-3' 
5'-GATTCTGACTTAGAGGCGTTCAGT-3' 


212 bp 


19 


VEGFR1-FP 
VEGFR1-RP 
VEGFRI Probe 
AF063657 


243SF 
2516R 
2469 


5' -TCC CTT ATG ATGCC A GC A A GT- 3 ' 

5'-CCAAAAGCCCCTCTTCCAA-3' 

5'-CCGGGAGAGACTTAAACTGGGCAAATCA-3' 


79 bp 


40 


sVEGFRl-FP 
sVECFRI-RP 
sVEGFRl Probe 
U01I34 


2209F 
2388R 
2257 


5'-ACAATCAGAGGTGAGCACTGCAA-3' 
5*-TCCG AGCCTGA A AGTTAGC A A- 3' 

5'-TCCAAATTTAAAAGCACAAGGAATGATTGTACCAC-3' 


180 bp 


40 


VECFR2-FP 
VEGFR2-RP 
VEGFR2 Probe 
AF063658 


79JF 
946R 
820 


5'-CTTCGAAGCATCAGCATAAGAAACT-3' 

5'-TGGTCATCAGCCCACTGGAT-3' 

5'-AACCGAGACCTAAAAACCCAGTCTGCGAGT-3' 


156 bp 


40 


NRP1-FP 
NRP1-RP 
NRP1 Probe 
XM 034725 


I83rF 

1942R 
J 883 


5'-CACAGTGGAACAGGTGATGACTTC-3' 

5'-AACCATATGTTGGAAACrCTGATTGT-3'. 

5'-CCACAGAAAAGCCCACGGTCATAGACA-3' 


112 bp 


40 



RNA extraction and cDNA synthesis 

Total RNA was extracted from cryosections with RNeasy Mini 
Kit (Q1AGEN GmbH, Hilden, Germany) according to the manu- 
facturer's protocol. Total RNA (1 jig) was reverse transcribed with 
a ThermoScript reverse transcriptase (ThermoScript RT-PCR Sys- 
tem, Invitrogen, Carlsbad, CA) and random hexamers as primers. 

Primers 

■ Primers pairs used in our study are described in Table I. Primers 
for the VEGF gene were chosen to distinguish between YEGF iB9 , 
VEGF J65 , VEGF I45 and VEGF, 2I mRNA isoforms. Jntron-span- 
ning primers and probes for the TaqMan system (primers for • 
VEGFR-1 (Fh-lXsVEGFR-1, VEGFR-2 CKDR/Flk-1) and NRP1) 
were designed to meet specific criteria by using Primer Express 
software (Perkin Elmer, Foster City, CA). All primers were syn- 
thesized by Eurogentec (Liege, Belgium). The 5'- and 3'-end 
nucleotides of the probe were labeled with aTeportex (FAM. = 
6-carboxy-fluorescein) and a quencher dye (TAMRA = 6-car- 
boxy-tetrarnethylrhodamine). We conducted BLASTn (National 
Center for Biotechnology Information,' Bethesda) searches against 
dbEST and the non redundant set of GenBanlc, EMBL, and DDBJ 
database sequences to confirm the total gene specificity of the 
nucleotide sequences chosen for the primers. Tne specificity of the 
amplified PGR products was confirmed either by restriction digest 
or by sequencing. The 18S ribosomal RNA was measured using 
the Pre-Developed TaqMan Assay Reagents Endogenous control 
Icit from Applied Biosy stems (Foster City, CA). 
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VEGF VEGFR1 sVEGFRI VEGFR2 NRP 

tcr^r i;S Fa "M VEG ^ C ^ p,0rS mRNA 1«»«fatfon: scal- 
es) nWA ~, " N0XmaI b ™ (bl2ck ^ and GBM * (white 
K^^T levels are expressed as normalized values (as described 

^n^ ielTn of AU = Uni,S >- Each poinT^pTe 

sems tne mean of 3 separate experiments. 

l u °" ,i,0, > ve FCR for MTJ-MMP, MMP-2, MMP-9. 
T1MP-2 mRNA and. VECF mRNA isoforms 

MT1-MMP. MMP-2, MMP-9, TIMP-2 and VEGF mRNA iso- 
sured ,„ ] 0 ng aliquots of cDNA using Taq polymerase (Takara, 
cycl.ng cond.»ons mcluded 2 min al 95°C for denaturation and 

io"r!^ T°ll^ XC 31 94 ° C 20 5ec al and 20 sec al 
IIS. ( ^ ec f0 ' VEGF "ofonns) with a final incuba.ion 2 min al 
• i ; D v;f n _P' 0duc,s we,e f «°lved on 2% Nusieve 3:1 agarose 
gels (BroWh^aker. Rockland, MD) and analyzed using a fCs 
Mululmage, (B.o-Rad. Hercules, CA) after eihidium bromide 
siam.ng. Specific mRNA levels were expressed as .be ratio of 

e P aM3 C li ^ SCnP : S/ l 8S ,ranSC "' P ' $ - ******* « 

least J limes in duplicate. 

TJ'NRP?: 0 ^' FCRf ° r VECFK K SVEGFR '- VEGF «- 2 

<vp?™f x,^™'^" RTPCR ana,vses f » VECFR-] 
sVEGFR-1. VEGFR-2. NRP) mRNAs and I8S rRNA were cJ-' 
ned ou. using ibe ABI PRISM 7700 Sequence Detection Sys.em 

of i,Tp?R a „ SOf ' Wa ' e (PE A PP ,ied ""systems). The sequences 
01 the PCR primer pa„s and fluorogenic probes that were used for 
each gene are shown ,„ Table I. A standard curve was generated by 

SOr^^r, J°° °' p,aCen,a cDNA 10 c °™ *<= "«8e of 
50.000-80 ng and was run in duplicate during every experiment 
For each experimental sample, the amount of 4" 

. COrVe " The rCl3,iVe «P»="ion level 

of die target gene was normabzed against 18S rRNA to compen- 



Sn5 ( ^ V",^ V al " y ofmA ,he an,oun ' "'input 
cDNA (as described bythe manufacturer PE Applied Biosyste™ 

Tt^IT WaS °* wi * TaqMaVu^ 

^JT* 10 "> "8 '°tal RNA), 200 nMof the probe, and 
400 nM primer* in a 25 pj final reaction mixture. After a 2 min 
.ncn.bat.on at 50°C lo allow for UNG cleavage, AmpliTaq Gold 
was activated by an incubation for lOmin al 95-C Each of Ihe 40 
POT cycles consisted of 15. sec of denaturation at 95°C and 
hybridization of probe and primers for 1 min at 60"C. 

To confirm amplification specificity, the PCR products were 
also examined by subsequent 2% agarose gel electrophoresis. 
Experiments were repealed at least 3 limes in duplicate. 

lmmunohislochemisiry for VEGF and MT1-MMP 

S* C !™ S < 4 "»<*> cu ' f«™ formalin-fixed, paraffin 
embedded hmour ossue. ITiey were hydrated through graded 
alcohols and incubated in H,^ (0.3% 15 min). Sections were 
autoclaved for 11 mm at 126°C in citrate buffer pH6 for antigM 
remeval (Dako. Glostrup, Denmark). For double LmurWni™ 

MMP (Ab-») 1.100 (Oncogene Research Producls, San Diego, 
CA) followed by peroxidase-conjngated EnVision (Dako) Imrmi- 
noreacuviry was visualized with 33'diaminobenzidine (TdXH. 

VEGF 1 150°,^^" i nCUb ^ d Ab and-' 

VbOf 1.150 (Sania Cruz, Santa Cruz, CA) for 1 hr at room 

f° '° Wed - by ^ P"-P«^-«>"juga.ed^ 
P,TS 1 ™ n,moreac " vi 'y f or VEGF was visualized with 

hast Red chromogenic substrate (Dako). Single immunostaining 
was also earned out on serial sections using each primary antibod? 
aJone w,d. die corresponding enzyme-chromoger^ combination 
Negauve controls were obtamed by omitting the primary anlibod- 

Gelatin zymogrophy assay 

MMP-2 and MMP-9 activities were quantified by gelatin zy- ' 
mo^aphy on 2 normal brains and 18 GBMs. Ten cryosecdons (10 
M-M) were homogenized in buffer (0J M Tris-HCl pH 8.1, 0.4% 
Jnton X^lOO) and centrifuged for 20 min at 5,000p The pellets 
were discarded. 25 jig of total protein from homogenate superna- 

Tns-HCJ P H 6.8; 2% SDS; 10% glycerol; 0.1% bromophenol 
b , \ ™t ^fJ^Phoresed directly on 10% SDS-polyacrylamide 
gels (SDS-PAGE) containing 0.1% gelatin (w/v).^ After eleclro- 
pnoresjs, gels were washed for 1 hr at room temperature in a 2% 

<n V) T^ n . X ;!2? S ° ,Uti0n t0 remove SDS > transfened to a buffer 
(50 mM Tm-HQ pH 7.6, containing 10 mM CaQ 2 ) and incu- 
bated for 18 hi at Gels were stained for 30 min with 0.1% 
w/v) Coomassie bnllianl blue G250 in 45% (v/v) metbanol/10% 
- (v/v) acetic acid and destained in 10% (v/v) acebc acio720% (v/v) 
methanol Gels weie analysed with Quantity One software (ver- 
s»on 4.2.2, Bio-Rad Laboratories, Hercules, CA) after densitomet- 
ry scanning of the gels using a Fluor-S Multimager (BioRad). 

Western blot 

i <*r»V J* *l P ^° ,ein kVe,S WCre ™* ] Y™<t ^ 2 normal brains and 
h rr moA I f?- eX,raC,S (25 ^8) ™™ mixed with 1/2 sample 
buffer (0.25 M Tns (pH6.8). 10% SDS (w/v), 4% sucrose (v/v), 
. P m 1 er "P ,oelhanoi (v/v) and 0. 125% bromophenol blue (w/v)) 
and boiled for 5 min. They were separated on 10% SDS-PAGE 
gels and transferred lo a PVDF filler (NEN, Boston. MA). After 
blocking wjrh 5% milk (w/ v ), 0.1% tween 20 (w/v) in PBS for 2 
3 ' r <*> m 'empeiature. membranes were exposed to the primary 
antibody (10 jig/ml f clone 113-5B7, Ab-4 f Oncogene Research 
Products, San Diego, CA) at 4°C overnight followed by incubation 
wnh a horseradish peroxidase -conjugated rabbit anti-mouse anti- 
body (j. 3 p.g/ml, Dako, Glostrup, Denmark). Signals were de- 
lected with an enhanced chemoluminescence (ECL) kit (NEN. 
boston, MA). The relative intensiues of the imrounoreaclive bands 
were analyzed wnh Quantiry.One software (version <P2 Bio-Rad 
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Figure 2- MMPs rind TIMP-2 mRNA quantifica- 
tion, (a) Representative 2% agarose gels of RT-PCR 
products for MT1-MMP, MMP-2, TTMP-2 and 
MMP-9 in 2 normal brains (NB) and 10 GBMs. (b) 
Scatter plots (as described in Fig. 1). Experiment was 
repeated at least 3 times in duplicate. 



Laboratories) afier densilometric scanning of the X-ray films using 
a FJuot-S Multimager (Bio-Rad). 

Statistics 

VEGF, . VEGFRs, MMPs and TIMP-2 expression, values in 
GBMs were correlated using Spearman's test. Correlation was 
considered significant for 2-tailed p-value < 0.05. Statistical anal- 
ysis was carried out using the Prism 3.0 software (GraphPad, San 
Diego, CA). 



RESULTS 

Expression of VEGF and VEGF receptors 

VEGF mRNA was present in normal brains (295-375, arbitrary 
units; mean = 322) and in all CBM samples (2 17-5 J 12; mean = 
K774) as reported previously (Fig. l). 3t In most GBMs, VEGF 
mRNA levels were raised 2-15-fold above normal brain values. 
Tbc most abundant isoform in all cases was VEGF I65 , followed by 
VEGF )?|I VECF JW and VECF W5 (data not shown). VEGFR- 1 
expression was found at similar levels in GBMs (89-357: mean = 
182) and normal controls (154-198: mean = 181). There was no 
correlation between VEGFR- 1 and VEGF mRNA levels ip = 
0.35) in GBMs. VEGFR- 2 was expressed in all GBMs {48-582; 
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mean = 210) and in 8/20 cases at least twice normal values 
(87~lll; mean = 1 03). VEGF and VEGFR-2 expressions were 
correlated significantly (p = 0.0035) in GBMs. NRPl expression 
varied broadly between GBMs (75-3,260; mean = l,06l) con- 
trasung with a constant baseline expression in normal controls 
(383-397; mean = 390). In rumours, NRPl correlated with 
VEGFR-2 ip = 0.0119) but not with VEGF ip = 0:084), nor 
VEGFR- 1 ip = 0.066). s VEGFR- 1 was expressed at low levels 
both in normal brains (84-92; mean = 87) and GBMs (25-208; 
mean = 101). sVEGFR-1, however, was found to correlate wjin 
VEGFR- 1 ip = 0.0289), VEGFR-2 (p = 0.0029), and NRPl (p - 
0.0027) but not with VEGF (p = 0.053). 

Expression of MMPs and TJMP-2 

MT1-MMP, MMP-2 and MMP-9 were expressed in both nor- 
mal brains and GBMs but at much higher levels in the Ia " e ' < F "f " 
2a). MTI-MMP mRNA levels were constantly higher m GBMs 
(34-202; mean = 106). than in normal controls (3-29; mean 
15). MMP-2 and MMP-9 mRNA levels were higher than controls 
in J 8/20 and 14/20 cases respectively (Fig. 2b) and correlated with 
each other ip = 0.0187). MTl-MMP.mRNA levels correlated with 
MMP-2 0? = 0.0008) and MMP-9 ip = 0.005). TIMP-2 had a 
non- discriminative distribution in relation io the controls. T1MP-Z 
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Figure 3 — Zymographic analysis of MMP-2 and MMP-9 m ri ssue 
ca^ al'wt " MMP - 9 ' F °- MMP - 2 ™" MMP-2 S 

TABLE n-ZVM^^WH^, B^OT QU^C^ Q f _ 



i n SW^^iL.^' 6 ™ ,he ^ Mtibody (clone 

M3-»7) rased against Ihe catalytic domain 6f. MTI-MMP pE/ 



™" ,n :^^^^-^0 RS . MMPS 

: _ FROM SFEARMAN?S TEST 



MTI-MMP 



MMP-2 



VEGF 

VEGFR-] 

VEGFR-2 

NRPJ 

sVEGFR-1 



0.0250 
0.0073 

<o.oooi 

0.0053 
0.0313 



MMP-9- 



TIMP-2 



0.0245 
0.0710 
0.0168 
0.1334 
0.0469 



Gefcuin kymography 



. 0.0053 
<0-0001 

0.0004 
0.2457 
0.01 £4 



0.0094 
0.4542 
0.0153 
0.5480 
0.2563 



pn»MMP-9 


Nl 


0.41 


N2. 


0.28 


GB1 


9.00 


GB2 


4.28 


GB3. 


1.67 


GB4 


1.40 


GB5 


0.47 


GB7 


5.29 


GB8 


5.75 


GB9 


5:02 


GBI2 


5.08 


GB13 


6.86 


GB14 


5.59 


GB15 


8.00 


GB16 


5.55 


GB17 


6.61 


GB18 


14.79 


GB20 


18.85 


GB2I 


16.52 


GB22 


20.66 > 



MMP» proMMP-2 



0.00 
0.00 
1.25 

0.00 
0.00 
0.00 
0.00 
0.00 
3.78 
0.00 
.0.00 
4.58 
6.75 
0.00 
MO 
2.04 
434 
0.00 
0.00 
0.00 



1.52 

0.83 

2.45 

2.88 

2.86 

4.33 

1.15 

1.12 

4.63 

4.09 

4.79 

4.93 

5.53 

5.13 

5.66 

6.00 

8.20 

2.12 

2.37 

5.11 





. Western bkrt 
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n^>T^' e - wi * MT'-MMP <p = 0.0019) and MMP-2 (p = 
0 0002) but not with MMP-9 0> = 0.1408). 

Ond-MMP.^'"" m) MMP P™™ and activated MMP-2 

.ec?^^\t n ,X?R e M Phy, ) ? ,0 " MIV,P - 2 ° nd P^MMP-9 were de- 
ecled >" 'be 18 GBMs and 2 controls exDmined (Fig 3 Table 11) 
Jn most GBMs, levels of .hese inactive forms were higher Than /„ 
!T .SEES a " d W " e COne,a,ed ™ h 4* respective mRN A 
MMP-2 and MMP-9 were not found in norma) brain By contrast 

M?l MMpTrr '1 *? (MMP " 2) Md 7/18 »^) GBM ; 
GBMs InH 9 P ,T H WCre q " an,ified ^ Wes,e "> «*» in 15 
GBMs and 2 normal brains (Fig. 4, Table H). They were signifi- 



fa^omSfi kJ" 1 '. ^vated MMP-2 levels 

(p - 0.0226) bui not with activated MMP-9 levels (o = 0061 
»'~|*. MTI-MMP protein and mRN A £er e £S 

ated s-gnificandy O = 0.089), arguing for a r^omioan.ly W - 
scnptional regulation in GBMs: ' 

Correlation between VEGF network and MMPs 

M^t^ll.H ^ GF and VEGF "«*»•» w <™ compared to 
MTI-MMP. MMP-2, MMP-9 and TIMP-2 (Table JDU). There w» 

MMrMMp5°" e J a ?ZrI^ ,W<;eD ^ GF «P^ion and MTI- 
MMP MMP-2 and MMP-9. A similar correlauoo was also ob- 
served be,ween VEGFR-2 and MMPs. Interestingly, TDvlP-2 ex- 

n^'v J£ S Conelaled wi "> ^GF and VEGFR-2 but not with 
Other VEGF receptors. 

Immunohistochemistry for VEGF and MTI-MMP 

VEGF immunoreactiviiy was shown in both tumour and endo- 
thelial cells, as previously reported (Fig. 5ajb) 31 By single immu- 
gaming MTI-MMP wasVctedln ^^t^ 
diffuse cytoplasmic stammg (fig. 5c,<a MTI-MMP positivity was 
also seen m endothelial cells and perivascular cells (B- 5c) By 
h ^T?Tr^ S,aim ' Dgi WC observcd ^localizauon'of VEGF 
5°/) 10 Cyt ° pl3sm of Mmcrous tumour cells (Fi* 



DJSCUSSJON 

GBMs are highly malignant tumours with poor prognosis. They 
vr°r p™{%~" aS * CU,ar P^^ration ^d express high levels of 
vLur. VbGF is a strong mitogen for endothelial cells theieby 
promoimg anagenesis. Previous reports"-* have suggested that 
VEGF also stimulates tumour cell invasion, migration and survival 
»i maJignom epithelial cells through an autocrine loop by which 
oppression of MMPs induces VEGF secretion and leads to 
subsequent amplification of cell proliferation and protection 
aga.ns. apoptos^ We and others reported previously that in human 
melasma and breast carcinoma cells, MTI-MMP upregula.es 
VEGF expression whereas TIMP-2 reduces ii.-«^-35 Therefore the 
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Figure 5 - Imrminohistochcnijs- 
try (scale bar = 50 um). (oJ>) i VEGF 
positive rumour and endothelial cells 
(plain arrows) show granular red 
staining of the cytoplasm. Negative 
cells (empty arrow) are seen in their 
close vicinity, (c) MT1-MMP posi- 
tive cells show a strong brown cyto- 
plasmic staining. They include tu- 
mours cells (plain arrow) and 
endothelial cells, (empty arrow), (d) 
MTI-MMP positive tumour cells 
(plain arrow) are mixed with nega- 
tive cells (empty arrow), (ej) Double 
staining with VEGF (red) and MTJ- 
MMP1 (brown). Double positive ru- 
mour cells (plain arrows) contrast 
with negative or single weakly pos- 
itive cell (empty arrow). 



pericellular proteolysis mediated by MT1-MMP in GBMs could 
also induce an autocrine loop resulting in enhanced VEGF expres- 
sion. In mm, VEGF could act as a paracrine factor on endothelial 
cells to stimulate angiogenesis. or possibly as an autocrine factor 
promoting glioblastoma cells survival- migration and invasion as 
demonstrated recently in the various tumour cell culture models. 

We compared the expression of VEGF and its receptors with 
MTI-MMP, MMP-2 and MMP-9 in 20 GBMS and 5 normal brains. 
The expression of these MMPs was markedly increased in roost 
GBMs with excellent correlation between mRNA and protein levels. 
MTI-MMP expression has been shown previously to correlate wiih 
glioma aggressiveness and its transfection in different rumour cell 
lines triggers an angiogenic phenotype and promotes tumow 
growth. 20 - 28 - 30 - 36 - 3 * A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, with a strong correlation 
between VEGF and MTI-MMP gene expression levels. Double irr> 
munostaining studies showed co-expression of VEGF and MTI- 
MMP by the same tumour cells. These data suggest that the transcrip- 




tional control of VEGF by MTI-MMP could be operative not only in 
vitro but also in vivo in human GBMs. 

MTI-MMP could also promote the growth of GBMs by its 
ability to activate MMP-2 in the presence of low concentration of 
TlMP-2. JO Pro-MMP-2 activation occurs after the formation of a 
ternary complex that contains prr>MMP-2 linked to cell surface 
MT1 -MMP via a 1TMP-2 bridge. In accordance with this hypoth- 
esis, we found that MMP-2 activation occurred jd 8/1 8 of our 
GBMs 20 - 41 among which 7/7 tested for MTI-MMP showed high 
contents of this protease. 

Activated MMP-9 was also found in 7/18 of our GBMs. This is 
an interesting finding as active MMP-9 is able to mobilize VEGF 
from its ECM reservoir. 39 Therefore, MMPs could promote 
VEGF- mediated angiogenesis in GBMs by both transcriptional 
(MTI-MMP) and post translational (MMP-9) mechanisms. 

VEGF binding to VEGFR-2 triggers Ihe proliferation and mi- 
gration of endothelial cells whereas its binding to VEGFR-1 has 
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°'»K?A te i e "^ ic ' s 0n Shoblasloma cell lines. 1 Jn oor study VEGF 
mRNA levels were correlaied wilh VEGFR-2 but not VEGFR-I 

VP?£' fi - C "I? C ° mp,CX Pa " em 0f VEGFicepUw, trans- 
ductng VEGF s.gnahng toward cell prolifera.ion and migration 

Inclusion, our smdy adds, to the evidence for an interplay 
b^n n^rote.nases and VEGF in human GBMs as p^vi- 
^^rS^ >n ? penmenlal lu ™™- Because of its dual abil£ 
to acdvate MMP-2 and lo op-regulate VEGF, MT1-MMP mi«ht I* of 

sent an interesting target for anti-cancer treatments. 
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DNA hypermethylation is a mechanism for loss of expression of the HLA 
class I genes in human esophageal squamous cell carcinomas. 

NkY. IM&G, SongY, ZliaoX, SoC, LjaoJ, WangiJDi, Yang^. 

Laboratory for Cancer Research, College of Pharmacy, Rutgers-The State University of 
New Jersey, 1 64 Frelinghuysen Road, Piscataway, NJ 08854-8020, USA. 

The three human leukocyte antigen (HLA) class I antigens, HLA-A, HLA-B and HLA-C 
play important roles in the elimination of transformed cells by cytotoxic T cells Frequent' 
loss of expression of these antigens at the cell surface has been observed in many human 
^TTu Xf° US , mechanisms for Post-transcriptional regulation have been proposed and 
tested but the molecular mechanisms for transcriptional regulation are not clear We show 
by immunolustochemistry that the HLA class I antigens are absent in 26 of 29 (89%) 
samp es of human esophageal squamous cell carcinomas (ESCC). Eleven of the 26 ESCC 
samples lost mRNA expression for at least one of the HLA genes, as shown by RT-PCR 
DNA from the 29 pairs of ESCC and neighboring normal epithelium were examined for" 
CpC is and hypermethylation, homozygous deletion, microsatellite instability (MSI) and 
loss of heterozygosity (LOH). DNA from normal epithelial tissues had no detectable 
methylation of the CpG islands of any of these gene loci. Thirteen of 29 ESCC samples 

i £^ b, ?, methy,ation of one or more of the three HLA loci and six samples (21%) 
exhibited methylation of all three loci. The HLA-B gene locus was most frequently 
methylated (38%). HLA-B mRNA expression in an ESCC cell line, where HLA-B was 
hypemaethylated and did not express mRNA, was activated after treatment with 5-aza-2'- 
dcoxycyhdine. Homozygous deletion of these three gene loci was not observed 

nlw y J,T ratCS ° f L ° H a " d MSI were obsen,ed for microsatellite markers 
• D6S306, D6S258, D6S273 and D6S1666, close to the HLA-A, -B and -C loci, although a 

?tS? c. H , , WaS observed at a nearb X (represented by the markers D6S 1 05 1 
and D6S1560), where the rumor suppressor gene P 21(Wa.fl) resides. A strong correlation 
between genetic alterations and mRNA inactivation was observed in the ESCC samples 

r^r 13 !? ^i™* U,at HLA Cl3SS 1 gene ex P ressi °« was frequently down-regulated in' 
fcSCC at both the protein and mRNA levels and that hypermethylation of the promoter 
regions of the HLA-A, -B and -C genes is a major mechanism of transcriptional 
inactivation. 
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si" r co r* r Mfc ?"* " bu, l .01. „f 

!^ I " "* USUe tUm °" PO°rt7 under- 

wood. Tlu, ^ ^ „ ^ £ 
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P ° Bod, membra„„ us and cr.op.aso.ic P L 

of m_,a mOTg observed, and a stroT/corrdauT^ 

J;™' larco ™ ^ » aggressive soft tissue 
rumor that accounts for up ,o 10% of sarcomas, with a 
peak .nodencc .„ adolescents and young adulfc. This 
umor occurs ,„ 2 major forms, biphLic and monophl 
Ittfall 1, i ; s 1 C ^ ,0 8^ e ^=% characterized by ,hc °<X 
18)(pll c,ll) translocation, found in >95% of cases 
£.hou gll traditionally considered to be a higlg^fe 
feren ffl"; "ave suggested thf, dif- 

IoX I r m(lu<:nce Ptosis, including morpho- 
opcal and cytogeneuc features, treatmentLatcgTeT 
lheploKly s u..m,ax,d the apoptouc index.' 
such r i 7 1 ^ yC,0 P ,n r cm of "«* ".erapeuuc advancements, 

oresenT h * P r" 5 ^ 8 ° f mo '^ derations 
present ,„ human mal.gnancies, has brought ,o light .he 



,MJJ - ' J i»si»n of Anatomic ra'tmlhcrv A r> <; i> « w- 
Di Kudxni 8. 20M?. Mibno Ita | y ^ A -°* 5 - Pat>1 °' Vw ' V 

© 2003 FJsrnr, Inc. All .ighi, ,„rrv e d 
00-1^8 J 77/03/ 3-1 07-OO0233O.00/0 . 
*ir»: 10. 101 tV500<*<>8 1 77 (03)0023 &- 7 



found between ^efa, expre^on and mRNA le^l </> = p „,* 
Increased HER 2 /neu mRNA )e,el $ ^ ^gnifiountW J^^J'^ 

^J^^e to HER2/neu « e^csed faSS, W that 
vub mRNA ievek. Our resu),s show thai the vrtZ^o t\f nr ' 

m M on?s.ocnt^ VDra '^°^™^^-^ 

AtbrnAtiiow mtl, ^ kyiMZuuu,. RT . PCR 

need to identify not only prognosbc factors, but also 
tumor features that are predicUve of response to therapy. 

Une or the most extensively studied molecular 
%Z%lV£ ^ " HER-2/ neu pro.ooncogene. 
the HfcK-2/neu oncogene (also know, as c-erbB-2) 
located on chromosome 17q21, is a member of the 
tyrosine lunase receptor family and encodes for a )85- 
kilodalion protein thM shows 50% homology with .he 
epidermal growth fac.or receptor.^ This gene is am- 
P U.ed.a„d/or over expressed in"20% to 30% or breast 
carcinomas • and in various other tumors, 6 and usually 
is associated with tumor aggressiveness and poor prog- 

HF« V/ S '^ ieS haVe SU PP° r,ed of 

HER-2/neii to predict ll,e response to chemotherapy in 
breast cancer and the use of recombinant humanized 
anubod.es ,offER-2/neu protein (Tras,u 2llD ,abj in the 
"re ofpat.ents with advanced, metastatic breast tumors 
nas been approved. 

The roJe of HER-2/neu acbva.ion in sol, 0s5uc 
lurnors remans p00l J y understood, nnd scarce mof e r- 
utnr data backing immunohisiochemkal studies have 
been repor.ed. HER-2/neu piolein egression was im- 
mnnoImtochemicaJIy Mtidied in 20-1 jar comas includ- 
ing b S&, and overexpression ivas absem in all ihcse 
Jiialigmnt mesench >T naJ neoplasms >0 

Recently, RER-2/neu alicraiion* have been de- 
scribed in osteosarcoma, with a high incidener o| pro- 
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TABLE 1. Clinicopothologjc Features of 13 Patients With SS 
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Site 


Subtype 
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Chemo/Radio 
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MF 
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No 
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KE 


. BF 
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' No 


- L 


12 
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27/M 


Kl 


. BF 


ME 


Yes 


Yes 


Yes 
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24 
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39/M 


T 


MF 


WE 


Yes 


No 


No 


H 


48 
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15/M 


N 


MFJ>D 


WE 
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No 


No 


H 


48 


6 


41/F 


F 


MF,PD 


WA 
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No 


* No 
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48 


. 7 


57/F 


Kl 


MF 


. WA - 


No 


N/A 


N/A 


L 


N/A . 
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48/M 


. F 


BF,PD 


ME 


Yes 


Yes 


No 


L 


36 
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29/F 
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PD 


WE 


Y« 


Yes 


Yes 
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36 


]0 


27/M 


KE 


BF 


WE 


No 


No 


No 


H 


24 


11 


62/F 


A . 


MF 


WE 


No 


Yes 


No 


L 


24 


12 


62/F 


F 


MF 


WA 


No 


No 


No 


L 


2 


13 


34/F 


L 


MF 


RR 


No 


No . 


No 


L 


2 



Abbreviations: Age, age at diagnosis; G,. gender, M, male; F. female; Site, anatomic location; Kl, knee, intra-articular; KE, knee, 
extra-articular; T, thigh; N, neck; F. foot; A, arm; L> leg; Subtype, histological subtype; MF, naonophasic fibrous; BF, biphasic; MF-PD, 
monophasic fibrous with, poorly differentiated areas; BF-PD, biphasic with poorly differentiated areas; PD, poorly differentiated; Surgery! 
primary surgical therapy; RR, radical en bloc resection; WA. -wide through-bone amputation; ME, marginal en bloc excision; WE^wide en bloc 
excision; Chcmo/Radio, adjuvant postoperative chtmotherapy and/or radiotherapy; Rec, recurrence; Mets, presence of metastasis; HER2, 
HER2 mRNA expression; L, low expression; H, high expression; FU, follow-up status; N/A, not avaible. 



tein expression, ranging from 42% to 61 %. 1115 Indeed, 
despite limited information on Her2/neu in this type 
of malignancy, based mostly on immunohisiochemical 
findings, 2 clinical trials of Trastuzumab have been 
initiated for recurrent and metastatic osteosarcoma pa- 
dents (http://\viyw.cancer.gov/clinical_trial5: MSKCC- 
99097/NCJ-T9cU)083 and COGAOST0121). 

Therefore, we evaluated the rriKNA expression and 
the gene product of HER-2/neu in 13 SS patients using 
real-time reverse tr a nscTiption-polym erase chain reac- 
tion (RT-PCK) and immuriohistochemistry. To the best 
of our knowledge, this is the first report documenting 
increased levels of HER-2/neu mRNA and protein 
in SS. 



MATERIALS AND METHODS 

Potient Population 

Thirteen patients with primary SSs, obtained from the 
files of the Department of Pathology, Gaetano Pini Orthope- 
dic Institute, were included in this study. Cases were chosen 
based on the availability of frozen primary rumor. Patient age 
ranged from 15 to 7} years (mean, 44.6 years). Anatomic sites 
included the knee (5 patients, 3 intraarticular), thigh (2 
patients), fool (3 patients), arm (1 patient), neck (] patient), 
and lower )eg (1 patient). The histologics) subt)-pes were 3 
biphasic (BF), 6 monophasic fibrous (MF), 2 monophasic 
fibrous with poorly differentiated areas (MF-PD), 1 biphasic 
with poo try differentiated areas (BF-PD), and ] poorly differ- 
entiated (PD). Clinical staging was 11B for all the patients. 
Local surgical excision was performed in 9 patients; amputa- 
tion, in 4 patients. Recurrence was observed in 5 cases with 
subsequent amputation (3 patients) and local excision (2 
patients). Metastasis occurred io lung (2 patients) and ingiti 
na) lymph nodes (1 patients). Five patients received adjuvant 
postoperative chemotherapy, and ) patient (case 4) was 
treated with chemotherapy associated with radiotherapy. Fol- 
low-up ranged iroin ? to 1 OS months (mean, 3-1.3 months). 
Ginicopathoiogic data are summarized in Table 1. 



Pathologic Studies and Frozen Tissue 
Selection 

In all cases, the primary tumor was availablefor study. 
Surgically resected tumor tissues were partly snap-firo2en in 
liquid nitrogen and stored at -80°C for RNA extraction, and 
partly fixed in buffered formalin and embedded in paraffin 
blocks. Hematoxylin and eosin-stained sections were re-eval- 
uated and graded according to FNCLCC grading system. 16 
Frozen tissue blocks were handled as follows: 4-/*- thick frozen 
sections were cut and stained with hematoxylin and eosin to 
determine the percentage of tumor cells present in the spec- 
imen. We used tissue blocks with tumor cells comprising 
more than 80% of the specimen. About 1 0 20-p>thick sections 
were collected into Eppendorf tubes. Another 4-u>th»ck fro- 
zen section was cut after the serial sections and examined by 
light microscopy to guarantee the percentage of tumor cells 
collected. Triiol (life Technologies; Gibco BRL, Gaithers- 
burg, MD) was used for RNA extraction, according to the 
manufacturer's protocol. RNA was quantified spectrophoto- 
metricaHy. 



cDNA Synthesis 

Total RNA (200 ng) was re verse- transcribed in a total 
volume of 50 jiL containing 1 X Taq.Man buffeT, 5.5 mmol 
MgCL,, 1 mmol deoxynucleotides, 2.5 nmol random hexam- 
ers, 20 U RNase inhibitor, and 62.5 U MuLv reverse transcrip- 
tase. The samples were incubated at 25°C for 10 minutes, 
*18*C for 30 minutes and 95*C for 5 minutes. 



PCR Amplification 

Amplification reactions were performed with the Univer- 
sal TaqMan 2 X PCR master mix in a volume of 25 con- 
taining 300 nmol of each primer, 100 nmol of probe, and 5 
uL of cDNA: Both fi-actin and H£R2/neu amplification wete 
done in duplicate for each sample. 

The thermal cycling conditions included 2 minutes at 
5 OX and 10 minutes at 95 X, followed by 40 cycles of 95 'C for 
15 seconds and 60°C for 1 minute. All reagents used lor 
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RT-PCR were purchased from Applied Biosystems (Fosier 
Gty, CA). 

Primeis ond Probes 

Primers and probes for>actin and HER2/neu mRNA 
were chosen using the computer program Primer Express 
B «»y««ns). Sequences of the forward primer for 
HER2/neu mRNA (Gen Bank accession number X03363) 
were 5'-TCC TCT GTG CAC CTG CAT CAC3' and the 
reverse primer 5VCCA AAG ACC ACC CCC AAG A-3'; the 
sequence of the TaqMan probe was 5' (FAM)-AGC AGA ATC 
CCA ACC ACC GCA GA-(TAMRA)-3 r . Sequences of the for- . 

^ J?T- CT ^ & C jl? mA <°« Bai * accession number. 
X00351) were JkTCC TTC CTC CCC ATC GAG-3' and the 
reverse pnmer 5' ACG AGG ACC AAT GAT CTT GAT CTT- 
3'; the sequence of the TaqMan probe was 5* ( FAM )-CCT GTG 

purchased from Applied Biosystems. 

Reof-Time RT-PCR 

To measure HER2/neu expression in these tumors we 
used a real-time quantitative RT-PCR based on TaqMan meth- 
odology, as previously described, 0 with minor modifications 
Briefly, thw technique allows, by means of fluorescence emis- 
sion, to find the cycling point when PCR product is delectable 
(Ct value or threshold cycle). As previously reported, the Ct 
value correlates to the starting quantity of the target mRNA ia 
To normalize the amount of total RNA present in each reac- 
tion, we amplified the housekeeping gene /J-actin, which is 
assumed to be constant in both normal sample and tumor 
tissues. 

Our results arc expressed as relative levels of HER2/neu 
mRNA, referred to a sample, called a "calibrator,- chosen to 
represent IX expression of this gene. The calibrator was a 
breast cancer cellular line (MCF-7)" ,hat was analyzed on 
every assay plate with the onXnown samples. All of ,he ana- 
lyzed rumors expressed n-fold HER2/neu mRNA relative to 
the calibrator. 

The amount of mget, normalized to an endogenous 
reference (^ctm) and relative to the calibrator, was defined, 
by the AACt method as described, by Livak K (Sequence 
Detector User Bulletin 2; Applied Biosystems). Specifically, 
the formula is applied as follows: 

target amount ~ 2'^°' 

where AA C. = ||C«- (HER2/neu sample) - Ct (/fc.c.in 
ample)] - |C. (HER2/ne» calibrator) - Ct (^crin calibra- 
tor)]!. 



25.0 



Immunohislochemistry 

Formalin-fixed, paraffin-embedded tissue sections were 
deparaffimzed. .thydra.ed. and exposed to the primary. anti- 
body us.ng the E..Vi s ion + system (Dako, Catpinteria, CA) 
Pnn.aiy ann-HfcR-2/neu antibody (rabbit polyclonal an* 

of 1.2000 for 60 „,„„„„ ai IOOin lempcnrijre . Bcfore e 
sure *o the primary antibody, sections were mioowave-prr- 
weatecl >n EDM. pM 8.0. to te.ri w antigenicity, and mcu- 
baicd w,ih endogenous perosidasc-blocking solution for 10 
mmu.es at room icmprnru, e . Posirivc control, constituted bv 

? iTvuT"" 0 ™ AhOTsSn « m ° If ,ha " PO«uve staining 

for l-!KR2/„ru, as M negarivr control, in which ,he 

primary antibody va s omitted, weie stained i„ panllel 




nc*rmalji6suenp6 synovial sarcomas synovial sore^mra 
(towi expression) (tigh earpression) 

FIGURE 1. Distribution of HER2/neu mRNA levels' In norma! 
rnuscle tissues, ond in low- and h^gh^xpession sarcomas. 
Date i are expressed as mean and standard error of the mean 
tor each group. 



All cases were examined for both cytoplasmic and mem- 
brane immunoreacoviry. Cytoplasmic staining was evaluated 
on a semiquantitative scale, according to Kilpamc* ei al with 
minor modifications^ and reported as 0 (no staining or 
stammg hi <W% of cells). 1+ (weaX staining in >10% of 
cells), 2+ (moderate staining. in >10% of cells), or 3+ 
(strong staming in >J0% of celb). The presence of a mem- 
branous pattern of staining was recorded separately and 
scored as absent.. (no staining or weak staining in <10% of 
cells) or present (complete and/ or incomplete staining in 
>10% of cells). Tumors With a cytoplasmic score of 3+ were 
considered ro have high HER-2/neu protein expression. 

Statistical Analysis 

Statistical differences were calculated by Fisher's exact 
test. The Mest method was used to evaluate the differences 
be tween groups. Differences were considered statistically sir- 
niheant when fwas <0.05. 



RESULTS 

HER2/neu mRNA Evoluotion 

All of the tissues analyzed contained delectable 
)eve)s of WR2-neu mBNA. Six norms) tissue svnpfes 
(skeletal muscle) were used to establish basal level of 
HER2/neu mRNA. All the normal samples expressed 
very low levels of HER2/neu mRNA, ranging from 0.9 
io 1.9 n (mean; 1.4 n). Among the 13 tumor samples. 
HKR2/neu levels varied greatly, ranging from 2.1 to 
2-1 n. Setting a cutoff level ai 7.9 n (a value that ^pre- 
sents the mean value of expression distribution of the 
SSs), 9 cases (69%) had Jow H£R2/neu expjession and 
-1 cases (31%) had high HER2/ne« expression (Fig 1; 
Table I). The difference between the 2 groups (low 
and high HER2/neu tumors) was statistically significant 
(P 0.0001). 
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FIGURE 2. Immunohistochemicol localization ol HER?/neu in SS. (A) Positive control (breast cancel) showing typical strong 
membrane pattern or" positivity. (B) Cose 2, o biphasic S5. disptoying very tocal membrane staining limited to a gland. Inset: tocal 
weak cytoplasmic posilivity in the epitheM component of the same cose. (C) Case 10. the eptthedat component ol this biphasic 
SS displaying strong membrane partem ot staining. (D) Cose A, an epithelioid area in a monophaslc fibrous SS. showinq strong 
cytoplasmic positively. 



HER2/neu Ptotein Expression 

Staining with I lER2/ncu antibody revealed a vari- 
able cytoplasmic and membrane staining pattern. 
Three tumors (23%) showed strong staining involving 
both die cell membrane and the cytoplasm (cases 4, 5, 
and 10); weak to moderate, exclusively cytoplasmic 
staining was observed in 7 cases (cases 1, 3, 6, 7, 8, 9, 
and 11). No staining was detected in 2 tumors (cases 12 
and 13). )n 1 case (case 2), a cluster of glandular 
structures representing <5% of the minor showed 
weak cytoplasmic and very focal membrane staining, 
die la 1 1 ci limited 10 a single gland. The epithelial/ 
epithelioid components exhibited stronger cytoplasmic 
staining compared with die spindle-cell component of 
the tumors. Membrane staining was predominantly in- 
complete and limited to the epithelial/epithelioid ar- 
eas. AJ1 3 cases with high imrmmohistochemical expres- 
sion of HER2/neu (cases J, 5, and 10) were grade 11] 
sarcomas, including J _\JF. } \{}\ and ] M¥-PX> SSs. 



Ex arri pi es b f H ER2/ n e u ; cyj 6 pi asi ri i c a h d membrane 
staining are depicted in Figure 2. 

Correlolion of Moleculor ond 
Immunohistochemicol Results 

A strong, statistically significant association was 
present between protein expression, for both mem- 
brane and cytoplasmic staining, and H£R2/neu mRNA 
levels {P = 0.0}), although ] case (case 6) displayed 
discordant results. Interestingly, this neoplasm showed 
high >JER2/neu mRNA levels, whereas only weak stain- 
ing, limited to ihc cytoplasm of a minority of minor 
cells, was detected by irnmunohistochemical analysis. 

HER2/neu Expression ond Clinicopothologic 
Porometets 

Both HER2/neu protein expression and mRNA 
levels were evaluated to establish the relationships to 
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TABU 21 Chelation Between Clinicopathorogic 
Features and HER2/neu Expression as Detected by 
IHC and RT-PCR 



HER2/neu 



IHC 



PCR 



Variable 



H P value 



Age (years) 



H lvalue 



3 3 3 3 

7 0 . NS 6 . ] 

8 0 7 ] 

2 3 0.03 2 3 

3 2 3 2 
7 1 NS 6 2 



3 0 
7 3 



NS 



3 0 
5 4 



NS 



NS 



NS 



NS . 



<40 
>40 
Sex 

Fcroale 
Male 

Tumor size (cm) 
<5 
>5 

Histological grade 
11 

1)1 . 

Histological type 

MF 5 1 51 

PD 3 1 NS 2 2 NS 
Chcroo/Radjotherapy*' 

Yes 4 2 3 3 

No 5 1 NS 5 1 NS 

Recurrencef 

Ycs . 5 0 5 0 

No 2 3 NS 1. 4 0.02 
* Metastasis! 

Yes 3 0 1 3 0 

^ 4 3 NS 3 4 NS 

Abbreviations: h, low expression; H, high expression; NS, not 
significant; MF, monopbasic fibrous; BF, biphasic; PD, poorly differ- 
entiated (including MF and BF with poorly differentiated areas). 
'Information not available for case 7. 
f Cases 7, 12, and 13 ^ere excluded from die analysis. 

clinicopathologic features, including local recurrence 
and metastatic disease. Two cases (cases 12 and 13) with 
follow-up Jess than 12 monihs and ) case (case 7) for 
which clinical information was not available were ex- 
cluded from the analysis of recurrences and metastatic 
behavior. 

No correlation was observed between HER2/neu 
inRNA expression and age, sex, tumor size, tumor 
grade, histotype, and metastasis. A correlation between 
sex of the patients and MER2/neu protein expression 
was found. In fact, none of the female patients showed 
high HER2/ neu protein expression [P ~ 0.03). Pa- 
tients with high Her2/ncu mRNA levels had a lower 
risk of recurrence • than those with fow Her2/neu 
mKNA levels {P = 0.02). None of the cases with high 
HER2/neu mKNA levels developed metastatic foci, al- 
though the small number of observations precluded 
reaching statistical significance {P = 0.1). Results are 
detailed in Table 2. 



DISCUSSION 

The present work provides the hist combined mo- 
lecular by real-time RTPCR and immmiohistochemkal 
evidence that HER2/ neu ovei expression occurs in SSs 



Our results indicate that this parameter may provide 
prognostic information and suggest that a specific ther- 
apy with humanized monoclonal antibodies against 
HER2/neu may be considered in a significant number 

of SSs. 

The HER2/neu oncogene has been.; extensively* 
investigated as.a prognostic factor and more recently as. 
a predictor of response to therapy. It has been demon- 
strated in breast cancer, where HER2/neu overexpres- 
sion is usually associated with gene amplification, 2 *and 
in other epithelial tumors, including ovarian, gastric, 
lung, and urinary bladder carcinomas. 

HER-2/neu amplification/overexpression appears ■ 
to be an early event in oncogenic transformation by 
interacting with other members of the HER family. 3 In 
breast cancer, it is involved in cell cycle and apoptotic 
pathways through the anttapoptotic effects mediated by 
. p53 and p21 deregulation/ 2 * 2 * . 

Whether HER2/neu over expression plays an im- 
portant role in mesenchymal neoplasms remains con- 
troversial. An irnrriunohistochemical study of sarcomas, 
using a monoclonal antibody, reported no evidence of 
immunoreactivity for HER-2/neu in 6 SSs as well as in 
other 397 mesenchymal tumors, with cytoplasmic reac- 
tivity observed only in 1 case of peripheral neuroepi- 
thelioma. A recent investigation reported gene ex- 
pression profiles of 41 soft, tissue tumors with cDNA 
microarray analysis. Among these sarcomas, 6 
monophasic SSs were characterized by a unique expres- 
sion pattern of a cluster of 104 genes, including the 
epidermal growth factor receptor, which shows 50% 
homology with the HER2/neu gene; 24 These data also 
suggest that the erb-B receptor family plays a significant 
role in SS. It has been demonstrated that a variable 
number of osteosarcomas overexpress HER2/neu. n " 15 
However, more recent studies 20 '^ 5 - 26 were unable to 
detect any HER2/neu gene amplification and/or over- 
expression using fluorescence in situ hybridization 
(FISH), RT-PCR, and immunohistochenustry. 

Differences in the techniques used may play an 
important role and explain (at least in part) these 
discrepancies. HER2/neu alterations can be evaluated 
using different techniques intruding immunohisto- 
chemistry, FISH, Southern hybridization, Northern 
blot, and competitive, differential, or real-time. PCR. 27 
Immunohisiochemistxy is the most common method 
for detection of HER2/neu overexpress ion, but it is 
significandy affected by the sensitivity and specificity of 
the antibodies used, the type of tissue (frozen versus 
formalin-fixed), and the various interpretative criteria 
and scoring systems used to evaluate cases. Indeed, 
most studies of HER2/neu expression in osteosarcoma 
used immunohistochemica] techniques, with different 
monoclonal or polyclonal antibodies. The discrepancy 
in results may stem from the use of different antibodies, 
as well as a lack of standardized evaluation. 

For these reasons, to evaluate HER 2/neu immu- 
noreactivity in our study, we used a polyclonal antibody 
(Dako, Carpinteria, CA), arguably the most diffuse and 
thoroughly tested antibody for MER2/neu assessment. 
Furthermore, we investigated HER2/neu mRNA ex- 
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pression with real-time RT-PCR, because it has been 
demonstrated that mRNA levels correlates tightly with 
protein expression. 28 At present, real-time RT-PCR 
probably represents the most powerful tool for quanti- 
tative analysis, because it allows better internal control 
and reduction of sample contamination, and provides 
more objective results. 18 

We analyzed HER2/neu gene expression at the 
mRNA and protein level in 13 cases of SS. HER2/neu 
expression was found in all of the cases investigated, 
and mRNA content in the tumors varied from 2.1 to 
24 n. 

The variability of mRNA levels in SSs is reflected 
on heterogeneity of protein expression pattern as de- 
tected by irnrnunohistochemistry. We found that 
HER2/neu immunoreactivity correlates strongly with 
mRNA levels. A convincing cytoplasmic immunoreac- 
tivity was documented with the polyclonal antibody in 
10 of 13 sarcomas. Distinct membranous staining was 
observed in 3 cases, although it was never comparable 
to the positive breast control. It was predominantly 
incomplete and identified in the epithelial/ epithelioid 
component of SS. Interestingly, all of the cases with 
. strong cytoplasmic staining also exhibited a membrane- 
staining pattern. 

In breast cancers, a membranous pattern of stain- 
ing is thought to be specific for HER2/neu protein 
expression and correlated with gene amplification, 
whereas cytoplasmic staining is usually considered non- 
specific. 29 However, cytoplasmic posirivity for HER2/ 
neu has been reported to be prognostkally significant 
in other tumor rypes ; including bladder, colon, pan- 
creas, thyroid, and nasopharyngeal carcinomas, and 
even in breast cancer. 3 

Patients widi high HER2/neu mRNA expression 
had a significantly lower risk of recurrence. Similarly, 
all of the cases with high HER2/neu expression did not 
metastasize, although this correlation did not reach 
statistical significance due to the small number of cases 
studied. These data suggest that HER2/neu pjays a roJe 
in the biology of SS and that HER2/neu overexprcssion 
may be jinked to a less-aggressive clinical behavior. 
Indeed, unlike many cancers where 1 3ER2/neu overex- 
pression has been shown to correlate wiih poor prog- 
nosis, HER2/neu levels are linked to a more favorable 
clinical course in other malignant rumors, such as thy- 
roid carcinoma and osteosarcoma. 15 ^ 

The molecular mechanisms responsible for the 
action of HER-2/neu in SSs are unknown. A possible 
interaction between J-IER-2/neu arid the other mem- 
bers of HER family could be important in tumorigen : 
esis. Derangements of other oncogenes, tumor suppres- 
sors, and apoptosis regulators have been described in 
SSs. For instance, many SSs have been shown to be 
diffusely positive for be 1-2 family proteins (be 1-2, bax, 
bcl-x, and bak). These members of the be I- 2 family are 
involved in the r epilation of apoptosis in SS. 36 This 
jnises the hypo diesis thai complex alterations in apop- 
tosis-c on trolling mechanisms are present in these neo- 
plasms, with HER- 2/ neu interacting wiih Bel- 2 family 



members. Further studies, are heeded to clarify the 
mechanisms of apoptosis in SS. 

Depending on the size and location, the therapy of 
choice for SS is radical local excision or amputation.. 
Whenever radical surgery cannot be-performed, radio- 
therapy in concert with local excision is suggested in an 
attempt to avoid the need for amputation. Only re- 
cently has a study evaluated the possible role of chemo- 
therapy in the treatment of SS. 

The role of molecular markers in predicting treat- 
ment responsiveness is currently the focus of extensive 
investigation. Breast cancer patients with high HER2/ 
neu expression appeared to benefit from high-dose 
CAF (cydophophamide, adriamycin, and 5-fluoroura- 
cil) therapy. 38 In our study, 3 of 4 patients with high 
HER2/neu expression received adjuvant chemother- 
apy with ifosfamide; these patients had a favorable clin- 
ical outcome. These data raise the possibility that 
HER2/heu may have value in predicting which patients 
are likely to respond to specific adjuvant chemotherapy 
regimens. IVhether the favorable significance of 
HER2-/neu expression depends on predicting clinical 
recurrence, response to chemotherapy, or both re- 
mains to be fully elucidated in SS patients. • 

To the best of our knowledge, this is the first 
report that shows expression of HER2/neu in primary 
SS by reaJ-time RT-PCR. Elevated levels of HER2/neu 
mRNA and protein are found in a significant group of 
SS patients, and these levels appear to correlate with 
features of good prognosis. Furthermore, our results 
suggest that this mechanism of disease in SS may be the 
target of specific inhibitory therapies based on human- 
ized monoclonal antibodies. Considering the small 
number of patients examined, further investigation is 
needed to confirm these preliminary findings. 
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mal.gnant transformation in general. The consequences of these changes at both the 
ranscnption and translation levels is at present unknown partly because of technical 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 

Torben F. 0rntoft|:§, Thomas ThykjaerU, Frederic M: Waldman||, Hans Wolf**, 
and Julio E. Celistt 



Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation in 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 
two-dimensional gel electrophoresis. The results showed 
that there is a gene dosage effect that in some cases 
superimposes oh other regulatory mechanisms. This ef- 
fect depended {p < 0.015) on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels. Be- 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations in relatively few cases of well focused 
abundant proteins. With few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomics 1:37-45, 2002. 

Aneuploidy is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 



From the ^Department ol Clinical Biochemistry, Molecular Diag- 
nostic Laboratory and "Department of Urology, Aarhus University 
Hospital. Skejby, DK-8200 Aarhus N, Denmark. 1AR0S Applied Bio- 
technology ApS, Gustav Wiedsvej 10, DK-8000 Aarhus C, Denmark, 
fiUCSF Cancer Center and Department of Laboratory Medicine. Uni- 
versity ot California, San Francisco, CA 94143-0808. and ^Institute 
ot Medical Biochemistry and Danish Centre tor Human Genome Re- 
search. Ole Worms Me 170, Aarhus University. DK-8000 Aarhus C, 
Denmark 

Received. September 26, 2001, and in revised form, November 7, 
2001 

Published, MCP Papers in Press. November 13. 2001, DOI 
10.1074/mcp.M100019-MCP200 



phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer ceil line 
BT474 has suggested that there is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2. cyclin dl, 
ems 7, and N-myc (3-5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a low level of c-myc copy number in- 
crease was observed without concomitant c-myc protein 
overexpression (6). 

In human bladder tumors, karyotyping, fluorescent in situ 
hybridization, and comparative genomic hybridization (CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-tnvasive pTa transitional cell carcinomas (TCCs), 
this includes loss of chromosome 9 or parts of it, as well as 
loss of Y in males. In minimally invasive pT1 TCCs; the fol- 
lowing alterations have been reported: 2q-, tip-. 1q + ». 
11q13+, 17q + , and 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we have combined genome-wide tech- 
nology for detecting genomic gains and losses (CGH) with, 
gene expression profiling techniques (microarrays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-invasive and in- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 

Material— Bladder tumor biopsies were sampled alter inlormed 
consent was obtained and alter removal of tissue lor routine pathol- 
ogy examination. By tight microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa (superficial pa pi Wary). 



1 The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; LOH, loss of heterozygosity; 
PA-FABP, psoriasis- associated laity acid-binding protein; 2D, 
two-dimensional. 
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Fig. 1. DNA copy number and mRNA expression level. Shown from left to right are chromosome (Chr.) t CGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. A. expression of mRNA in invasive tumor 733 as 
compared with the non-invasive counterpart tumor 335. B, expression of mRNA in invasive tumor 827 compared with the non-invasive 
counterpart lumor 532. The average fluorescent signal ratio between tumor DNA and normal DNA is shown along the length of the chromosome 
[left). The bold curve in the ratio profile represents a mean of tour chromosomes and is surrounded by thin curves indicating one standard 
deviation. The central vertical tine broken) indicates a ralio value of 1 {no change), and Ihe vertical lines next to it {dotted) indicate a ratio ol 
. 0.5, [left) and 2.0 [right). In chromosomes where Ihe non- invasive tumor 335 used tor comparison showed alterations in DNA content, the ralio 
prpfile ol lhat chromosome is shown to the right of the invasive tumor profile. The colored bars represents one gene each, identified by the 
running numbers above the bars (the name of the gene can be seen at www.MDLDK/sdata.htmi). The bars indicate the purported location of 
the gene, and the colors indicate the expression level of the gene in the invasive tumor compared wilh the non-invasive counterpart; >2-fotd 
increase (black), >2-fold decrease (blue), no significant change (orange). The bar to the far right, entitled Expression shows the resulting change . 
in expression along the chromosome; Ihe colors indicate that at least half of Ihe genes were up-regulated [black), al least hall of the genes 
down- regulated (blue), or more than hall of Ihe genes are unchanged (orange). If a gene was absent in one of the samples and present in 
another, it was regarded as more than a 2- fold change. A 2- (old level was chosen as this corresponded to one standard deviation in a double 
determinalion of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pT1 
(invasive into submucosa), 733 was staged as solid, and 027 was 
staged as papillary, both grade III. 

mRNA Preparation—Tissue biopsies, obtained fresh from surgery, 
were embedded immediately in a sodium- guanidinium thiocyanate 
solution and stored at -80*C. Total RNA was isolated using the 
RNAzol B RNA isolation method (WAK-Chemie Medical GMBH). 
poly(A)* RNA was isolated by an oligo(dT) seleclion step (Oligolex 
. mRNA kit; Oiagen). 

cRNA Preparation— ~\ ng of mRNA was used as starting material. 
The .first and second strand cDNA synthesis was perlormed using the 
Superscript® choice system (Invitrogen) according to the manufac- 
turer's instructions but using an oligo(dT) primer containing a T7 RNA 
polymerase binding site. Labeled c RNA was prepared using the ME - 
GAscrip© in vitro Iranscription kit (Ambion). Biol in- labeled CIP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy -columns (Oiagen). 

Array Hybridization and Scanning— Array hybridization and scan- 
ning was modified from a previous method (13). 10 /ig of cRNA was " 
fragmented at 94 °C for 35 min in butler containing 40 mw Tris 
acetate, pH 6.1, 100 mM KOAc, 30 mM MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6x SSPE-T hybridization butter (1 m NaCt. 
10 mM Tris, pH 7.6, 0.005% Triton), was heated to 95 °C tor 5 min, 
subsequently cooled to 40 °C, and loaded onto the Affymelrix' probe 
array cartridge. The probe array was then incubated for 16 h at 40 e C 
at constant rotation (60 rpm). The probe array was exposed to 10 
washes in 6x SSPE-T at 25 *C (ollowed by 4 washes in 0.5x SSPE-T 
at 50 fl C. The biotinylated cRNA was stained with a streplavidin- 
phycoerythrin conjugate, 10 fig/ml (Molecular Probes) in 6x SSPE-T 
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Fig. 1 — continued 



for 30 min a! 25 °C followed by 10 washes in 6.x SSPE-T at 25 °C. The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microscope (made (or Atfymetrix by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Affymetrix gene 
expression analysis software. 

Microsatellite Analysis — Microsatellite Analysis was performed as 
described previously (14). Microsatelliles were selected by use of 
www.ncbi.nlm.nih.gov/genemap98, and primef sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplified by PCR in a volume ol 20 for 35 
cycles. The amplicons were denatured and electrophoresed tor 3 h in an 
ABI Prism 377. Data were collected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele detected in tumor amplicons compared with blood. 

Proteomic Analysis— TCCs were minced into small pieces and 
homogenized in a small glass homogenizer in 0.5 ml of lysis solution. 
Samples were stored at -20 °C until use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Coomassie Brilliant Blue. Pro- 
teins were identified by a combination of procedures that included 
microsequencing, mass spectrometry, two-dimensional gel Western 
rmmunoblotting, and comparison with the masler two-dimensional gel 
image of human keralinocyte proteins; see biobase.dk/cgi-bin/celis. 

CGH- Hybridization ol differentially labeled tumor and normat DNA 
to normal metaphase chromosomes was performed as described 
previously (10). Fluorescein- labeled tumor DNA (200 ng), Texas Red- 



labeled reference DMA (200 ng), and human CoM DNA (20 ^g) were 
denatured at 37 °C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 °C lor 2 days. Alter washing, 
Ihe slides were counterslained with 0.15 jig/mf 4,6-diamidino-2-phe- 
ny (indole in an ant i- lade solution. A second hybridization was per- 
formed tor all tumor samples using fluorescein- labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fluores- 
cein- and Texas Red-labeled normal DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
greenrred fluorescence intensity ratio profiles were calculated using 
four images of each chromosome (eight chromosomes total) with 
normalization of the green:red fluorescence intensity ratio for the 
entire metaphase and background correction. Chromosome identifi- 
cation was performed based on 4,6-diamidino-2-phenylindole band- 
ing patterns. Only images showing uniform high intensity fluores- 
cence with minimal background staining were analyzed. , All 
centromeres, p arms of acrocentric chromosomes, and heterochro- 
mia tic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybridization— The CGH analysis 
identified a number of chromosomal gains and losses in the 
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Table I 

Correlation between alterations detected by CGH and by expression monitoring 
Top, CGH used as independent variable (if CGH alteration - what expression ratio was found); bottom, altered expression used as 
independent variable (U expression alteration 



what CGH deviation was found). 



CGH alterations 



Tumor 733 vs. 335 
Expression change clusters 



Concordance 



CGH alterations 



Tumor 827 vs. 532 
Expression change clusters 



Concordance 



13 Gain 



10 Loss 



10 Up-regulation 

0 Down- regulation 

3 No change 

1 Up-regutation 

5 Down- regulation 

4 No change 



77% 



50% 



10 Gain 



12 Loss 



8 Up-regutation 
0 Down- regulation 

2 No change 

3 Up-regulation 

2 Down regulation 
7 No change 



80% 



17% 



Expression change clusters 



Tumor 733 vs. 335 
CGH alterations 



Concordance Expression change clusters 



Tumor 827 vs. 532 
CGH alterations 



Concordance 



16 Up-regulation 


1 1 Gain 


69% 


17 Up-regulation 


10 Gain 


59% 


2 Loss 

3 No change 






5 Loss. 

2 No change 




21 Down-regulation 


1 Gain 


38% 


9 Down-regulation 


0 Gain 


33% 


8 Loss 
. 12 No change 






3 Loss 

6 No change 




15 No change 


3 Gain 


60% 


21 No change 


1 Gain 


81% 


3 Loss 

9 No change 






3 Loss 

17 No change 





two invasive tumors (stage pT1 , TCCs 733 and 827), whereas 
. the two non- invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33-, and X- t and 7+ ; 9q-. 
and Y-, respectively. Both invasive tumors showed changes 
(1q22-24 + , 2q14.1-qter-. 3q12-q13.3-, 6q12-q22- t 
9q34 + , 11q12-q13+, 17 + , and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 in TCC 733 (Fig. 1/1) and 
20q12 in TCC 827 (Fig. 1B). 

mRNA Expression in Relation to DNA Copy Number— The 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Fig. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing onty one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an Increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, fop). The inabil- 
ity to detect RNA expression changes in these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

. In the second set of calculations we selected expression 
alterations above 2- told as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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FiG.,2. Correlation between maximum CGH aberration and the ability to detect expression change by oligonucleotide array 
monitoring. The aberration is shown as a numerical -told change in ratio between invasive tumors 827 (A) and 733 (♦) and their non-invasive 
counterparts 532 and 335. The expression change was taken from the Expression line to the right in Fig. 1 , which depicts the resulting 
expression change for a given chromosomal region. At least hall of the mRNAs from a given region have to be either up- or down- regulated 
to be scored as an expression change. All chromosomal arms in which the CGH ratio plus or minus one standard deyiation was outside the 
ratio value of one were included. 



ation in expression. No alteration was detected by CGH in 
most of these areas (TCC 733, 60% and TCC 827, 81 '%; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent ot copy number 
changes, we plotted the maximum CGH aberrations in the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2). For both tumors TCC 733 (p.< 0.015) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology (Fig. 2). Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

Microsalef lite- based Detection of Minor Areas of Loss : 
es — In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or lollowed by areas wilh a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 , TCC 733 
chromosome 1q32, 2p21, and 7q21*and q32, 9q34. and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two microsatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1 A). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 11 p showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites {D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24, 11p11, 12pl2.2, I2q21.1, and 16q24 
and in TCC 827 at chromosome 11p15.5, 12p11, 15q11.2, 
and 18ql2 was also examined for chromosomal losses using 
microsatellites positioned as close as possible to the gene loci 
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Fig. 3. Microsatellite analysis of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to llu class I histocompatibility antigen (gene 
number 38 in Fig. 1), (6) by D1S2735 close to cathepsin E (gene 
number 41 in Fig. 1), and (c) at chromosome 2p23 by D2S2251 close 
to general ^-spectrin (gene number 1 1 on Fig. 1) and of (d) tumor 827 
showing loss pi heterozygosity at chromosome 18q12 by S18S1118 
close to mitochondrial 3-oxoacyl-coenzyme A thiolase (gene number 
12 in Fig. 1). The upper curves show the electropherogram obtained 
from normal DNA from leukocytes [N) r and the lower curves show the 
electropherogram from lumor DNA (7). In all cases one allele is 
partially lost in the tumor amplicon. 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels — 
2D-PAGE analysis, in combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating in areas away from the edges of the pH 
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Fig. 4. . Correlation between protein levels as judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided in 
three groups, unaltered in level or up- or down-regulated horizontal 
axis). The mRNA ratio as determined by oligonucleotide arrays was 
plotted for each gene (vertical axis). A, mRNAs that were scored as 
present in both tumors used for the ratio calculation; A, mRNAs that 
were scored as absent in the invasive tumors (along horizontal axis) or 
as absent in non-invasive reference {top of figure). Two different 
scalings were used to exclude scaling as a con founder, TCCs 827 
and 532 (A A) were scaled wilh background suppression, and TCCs 
733 and 335 (#0) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
between the groups. Proteins shown were as follows: Group A (from 
left), phosphoglucomutase 1, glutathione transferase class p number 
4, fatty acid-bindtng protein homologue,. cylokeratin 15, and cylo- 
keratin 13; B (from left), fatty acid- binding protein homologue, 2B-kDa 
heat shock protein, cylokeratin 13, and calcyclin; C (from left), a-eno- 
lase, hnRNP B1, 28-kDa heat shock protein, 14-3-3-e, and 
pre-mRNA splicing factor; D, mesothelial keratin K7 (type II); £ (from 
top), glutathione S-transf erase- n and mesothelial keratin K7.(type II); 
F (from top and left), adenytyl cyclase- associated prolein, E-cadherin, 
keratin 19, calgizzarin, phosphoglycerate mutase, annexin IV. cy- 
loskeletal -p-actih, hnRNP A1, integral membrane protein calnexin 
(IP90), hnRNP H, brain-type clathrin light chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprotein A/B, 
translat tonally controlled tumor prolein, liver gryceraldehyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase,, and Na.K- 
ATPase 0-1 subunit; G, (from top and left), TCP20. calgizzarin, 70- 
kDa heat shock protein, calnexin, hnRNP H, cylokeratin 15, ATP 
synthase, keratin 19, triosephosphate isomerase, hnRNP F, fiver glyc- 
eraldehyde- 3- phosphatase dehydrogenase, glutathione S-transfer- 
ase-Ti, and keratin 8; H (Irom left), plasma getsolin, autoantigen cal- . 
reticulin, thioredoxin, and NAD+-:dependent 15 hydroxyprostaglandin 
dehydrogenase; / (from fop), prolyl 4 -hydroxylase /5-subunit, cylo- 
keratin 20, cytokeralin 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin II; K, annexin IV; L (from fop and left), 90-kDa heat 
shock protein, prolyl 4 -hydroxylase (3- subunit, a-enolase. GRP 78, 
cyclophilin, and cofilin. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
identified by a combination of methods (see "Experimental 
Procedures"), in general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations {Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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• Fig. 5. Comparison ol protein and transcript levels in invasive 
and non-invasive TCCs. The upper pari ol the figure shows a 2D gel 
(tetf) and the oligonucleotide array {right) of TCC 532. The red rectan- 
gles on the upper get highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearly, cylokeratins 13 and 15 are strongly down- regulated in TCC 
827. (reo* annotation). The tile on the array containing probes lor 
cytokeratin 15 is enlarged below the array (red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
corresponds to perfect match probes; the lower row corresponds lo 
mismatch probes containing a mutation (used for correction lor un- 
specilic binding). Absence ol signal is depicted as black, and the 
higher the signal the lighter the color. A high transcript level was 
detected in TCC 532 (6151 units) whereas a much lower level was 
delected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present in TCC 532 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the bottom ol the figure {left) show levels of PA-FABP and adipocyte- 
FABP in TCCs 335 and 733 (invasive); respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles lor the PA-FABP transcript. A medium transcript level was de- 
tected in the case of TCC 335 (1277 units) whereas very low levels 
were detected in TCC 733 (166 units). I£F. isoelectric focusing. 



keratins encoded by genes on chromosome' 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a know chromosomal 
location were detected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasive TCC 335 but lost in the invasive 
counterpart (TCC 733; see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

1 1 chromosomal regions where CGH showed aberrations 
that corresponded to the changes in transcript levels also 
showed corresponding changes in the protein level (Table II). 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20, annexins. II and IV, and the fatty 
acid- binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area in invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence. as to the effect of these gains 
and losses on gene, expression in two pairs of non-invasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases, how- 
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Proteins whose expression level correlates with both mRNA and gene dose changes 


Protein 


Chromosomal location 


Tumor TCC 


CGH alteration 


Transcript alteration* 


Protein alteration 


Annexin II 


>q2t 


733 


Gain 


Abs to Pres* 


l Increase 


Annexin IV 


2p13 


733 


Gain 


3.9-Fold up 


Increase 


Cytokeratin 17 


17q12-q21 


827 


Gain 


3.8-Fold up 


Increase 


Cytokeratin 20 


17q21.1 


827 


Gain 


5.6-Fold up 


Increase 


(PA-)FABP 


8q2l.2 


827 


Loss 


10-Fold down 


Decrease 


FBP1 


9q22 


827 


Gain 


2.3-Fold, up 


Increase 


Plasma gelsolin 


9q3t 


827 


Gain 


Abs to Pres 


Increase 


Heat shock protein 28 


15q12-qt3 


827 


Loss 


2.5-Fold up 


Decrease 


Prohibilin 


17q21 


827/733 


Gain 


3.7-/2.5- Fold up b 


Increase 


Prolyl- 4-hydroxyl 


17q25 


827/733 


Gain 


5.7-/ 1.6- Fold up 


Increase 


hnRNPBI 


7pl5 


827 


Loss 


2.5-Fold down 


Decrease 



" In cases where the corresponding alterations were tound in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease in DNA copy number was 
associated with de novo occurrence or complete loss of tran- 
script, respectively. Some of these. transcripts could not be 
detected in the non-invasive tumor but were present at rela- 
tively high levels in areas with DNA amplifications in the inva- 
sive tumors (e.jg. in TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent .to 2670 
arbitrary units; in TCC 827 transcript from small proline-rich 
protein t gene {chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gain of chromosomal material in this area. 

Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie in the loss of controlled 
methylation in tumor cells (17-19): Thus, it may be possible 
that in chromosomes with increased DNA copy numbers two 
■ or more alleles could be.demethylated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
losses the remaining allele could be partly methylated, turning 
. off the process (20, 21). A recent report has. documented a 
ploidy regulation of gene expression in yeast, but in this case all 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors. In pTa tumors, these include 9p-; 9q-. 1q+, Y- 
(2, 6), and in pTI tumors, 2q-, 11 p-, 11q-, 1q+, 5p+. 8q+, 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y-, respectively. Likewise, the two minimal invasive 
pTI tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1q22-24 
amplification (seen in both tumors), 11q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases it is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers. Analysis ot these regions 
by positioning heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA microarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether - 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level in normal cells and is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and rnRNA expression is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, rnRNA and protein levels 
showed a striking correspondence although in some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translational processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertranslated rnRNA pools, which are associated with few 
translalionally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
rnRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D- PAGE (25). and a moderate correla- 
tion was recently reported by Ideker et al. (26) in yeast. 

Interestingly, our study revealed a much better correlation 
between gained chromosomal areas and increased rnRNA 
levels than between loss of. chromosomal areas and reduced 
rnRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript. One possible 
explanation could be that by losing one allele the change in 
rnRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold increase in gene copy number resulting in a much 
higher impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fotd level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may in the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area in chromosome 17q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring immunoidentification and/or mass spectrometry to 
correctly identify the proteins in the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid- mapped genes will increase the resolution and informa- 
• tbn derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived.from genes with 
known locations, and 2D gel analysis to obtain information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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Expression of bcr-abl niRNA tu individual chronic myelogenous leukaemia 
cells as determined by in situ amplification. 

Pachmann IC ZhaoS, Sclicnk T , Kantarjian II , El-Naggar AlC Sicitiano MJ , Guo 
JQ , Arlinghaus RB , Andreeff M . 

The University of Texas M.D. Anderson Cancer Center, Department of Molecular 
Haematology and Therapy, 1515 Holcombe Boulevard, Houston, TX 77030, USA. 

We present the results of a novel method developed for evaluation of in situ 
amplification, a molecular genetic method at the cellular level. Reverse transcription 
polymerase chain reaction (RT-PCR) was used to study bcr-abl transcript levels in 
individual cells from patients with chronic myelogenous leukaemia (CML). After 
hybridizing a fluorochrome-labelled probe to the cell-bound RT-PCR product, bcr-abl 
mRNA-positive cells were determined using image analysis. A dilution series of bcr-abl- 
positive BVI73 into normal cells showed a good correlation between expected and actual 
values. In 25 CML samples, the percentage of in situ PCR-positive cells showed an 
excellent correlation with cytogenetic results (r = 0.94, P < 0.000 i), interphase 
fluorescence in situ hybridization (FISH) (r = 0.95, P = 0.001) and hypermetaphase FISH 
(r=.0.81, P < 0.001). The fluorescence intensity was higher in residual CML cells after 
interferon (IFN) treatment than in newly diagnosed patients (P = 0.004), and was highest 
in late-stage CML resistant to IFN therapy and lowest in CML blast crisis (P = 0.001). 
Mean fluorescence values correlated with bcr-abl protein levels, as determined by 
Western blot analysis (r - 0.62). Laser scanning cytometry allowing automated analysis 
of large numbers of cells confirmed the results. Thus, fluorescence in situ PGR provides a 
novel and quantitative approach for monitoring tumour load and bcr-abl transcript levels 
in CML. 
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Cell localizaHon and regulation of expression of cytochrome P450 1A1 and 

hi -h " . g ^ indUCt, *° n With 3 m «thyIcIioIanthr e n e using mRNA 
hybridization and mimunohistochemistry. 

1NSERM Unite 139, Hopital «enri Mondor, Creteil, France. 

In order to characterize the response of various pulmonary cell types to polycyclic 
aromahc hydrocarbons the expression of cytochrome P450 (CYP) 1A1 and 2B noRNA 
m the lung of rats, with or without induction by S-methylcholanJene (3MC) wa^ 
analyzed by in situ hybridization using appropriate 35S-labeIed riboprobes TrT 
expression of me corresponding proteins was investigated immunohistochemically 

behveen Clara cells and type II pneumocytes and venous endothelial cells. In Clara celk 
mRNA expression was detected as early as 1 h after induction, peaked between 2 and 4 h 
and was completely undetectable at 14 h. In contrast, venous endothelial and C ,1 
pneumocytes exhibited permanent mRNA expression of CYP 1 A l in 3MC-prefrea ed 
rats These kinetic results explain the striking absence of correlation b S S^d 

these cells exhibited intense protem expression with no mRNA. In contrast a good 
correlation was observed for mRNA and protein expression of CYP 2B1 with similar 
expressjons ^ Clara cells and type II pneumocyte,, but no express^^^ 

SL^tErrf Cle ^ dlSU ^ ished the "g^atioo of CYP 1A1 expression in the rat 
hmg from that described m the hver. The differences observed in the various lung cell 
types whatever the post-transcriptional mechanisms involved, emphasize that studies 
must be performed at the cellular level in order to understand me specific remote to 
xenob.ofcs, not on.y of this organ as a whole but also of its various anatomTc sTcrures. 
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Correlative imniuiiolristocheinical and reverse transcriptase polymerase 
chain reaction analysis of somatostatin receptor type 2 in neuroendocrine 
tumors of the lung. 

Papotti LVf , Croc^S, Macrt L , Funaro A , Pccchioni C , Scfrindlcr M , Dussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Italy. 

Somatostatin receptors type 2 (sst2) have been frequently detected in neuroendocrine 
tumors and bind somatostatin analogues, such as octreotide, with high affinity. Receptor 
autoradiography, specific mRNA detection and, more recently, antisst2 polyclonal 
antibodies are currently employed to reveal sst2. The aim of the present study was to 
investigate by three different techniques the presence of sst2 in a series of 26 
neuroendocrine tumors of the lung in which fresh frozen tissue and paraffin sections were 
available, [t was possible, therefore, to compare, in individual cases, RNA analysis 
studied by reverse transcriptase polymerase chain reaction (RT-PCR), in situ 
hybridization (ISH), and immunohistochemistry. A series of 20 nonneuroendocrine lung 
carcinoma samples served as controls. RT-PCR was positive for sst2 in 22 of 26 samples, 
including 15 of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 small-cell 
carcinomas. The sst2 mRNA signal obtained by RT-PCR was strong in the majority 
(87%) of typical carcinoids and of variable intensity in atypical carcinoids and small-cell 
carcinomas. A wealcly positive signal was observed in 5 of 20 control samples. In 
immunoiiistochemistry, two different antibodies (anti-sst2) were employed, including a 
monoclonal antibody, generated in die Department of Pathology, University of Turin. In 
the majority of samples a good correlation between sst2 mRNA (as detected by RT-PCR) 
and sst2 protein expression (as detected by immunohistochemistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma had focal immunostainirig 
but no RT-PCR signal. ISH performed in selected samples paralleled the results obtained 
with the other techniques. A low sst2 expression was associated with high grade 
neuroendocrine tumors and with aggressive behavior. It is concluded that I) 
neuroendocrine tumors of the lung express sst2, and there is a correlation between the 
mRNA amount and the degree of differentiation; 2) immunohistochemistry and IS H are 
reliable tools to demonstrate sst2 in these tumors; and 3) ssl2 identification in tissue 
sections may provide information on the diagnostic or therapeutic usefulness of 
somatostatin analogues in individual patients with neuroendocrine tumors. 



PMID: 10718213 [PubMed - indexed for MEDLINE] 



' Volume 9, Number 1, March 2000 

[Diagnostic 
Molecular 
Pathology 




Diagnostic Molecular Pathology 



Volume 9 □ Number 1 □ March 2000 



Si 



I " ORIGINAL ARTICLES £c O 

- ft- ^° r£ 

; ; ) Strong Association of SYT-SSX Fusion Type and Morphologic Epithelial 5» 9" ^* 

[ DiffereDtiBrion in Synovial Sarcoma n*£> 

j Crisiina R. Antonescu, AJrira Kawai, Denis R Leung, Fulvio Lonardo, ^§ g rj) 

\ .... James M. Woodruff, John H. Healey, and Marc Ladanyi *§><> § 7^ 



to 



r . > 

r ^ o 

f 9 Clinical Relevance of Molecular Diagnosis in ^ S - ^> 

J ChDdhood Rhabdomyosarcoma Sfn ^ 

i ^ * - Ana Tpbar, Smadar Avigad, Meira Zoldan, Celia Mor, Yakov Goshen, and 
RinaZaizov 

? ;V- 

| 14 Accumulation of Chromosomal Imbalances From Intraductal 

| Proliferative Lesions to -Adjacent In Situ and Invasive Ductal 

{ Breast Cancer 

* * Michaela M Aubelc, Margaret C. Cummings, Anita E. Mattis, 

I Horst F. Ziuelsbeiger, Aae) K. Walcb; Markus Kremer, Heinz Hofler, and 

} • ----- - Martin Weracr 



20 Routine Analysis of p53 Mutation in Clinical Breast Tumor Specimens 

Using Fluorescence-Based Polymerase Chain Reaction and Single. Strand 
Conforms bun PpJym orphism 

Barry la coperu, Hany ElsaJeh, Fabienne Grieu, David Joseph, Greg Sterreit, 
and Peter Bobbins 

26 Turn or- Associated Over expression of the Soluble T3-S Receptor in 
Lymph Node-Negative Breast Cancer 

Anne Karrin WerenskioJd, Dieter PrecbteJ, Nadia HarbecJr, and Heinz Holler 



(continued on next page) 



Listed Id index Medietas. Current Awareness m Biological Sciences, EMBASE/Excerpta Medica, 
Current Conients/U/e Sciences, and Science Citation Index 

Diagnostic Molecular Pathology (ISSN 1052-955)) is published four times per year in March. June, September, and December by Lippincoa 
Williams & Wilkins, Inc., 12)07 Insurance Way, Hagerslowh, MD 2)740. Business offices art located al 530 Walnut Street, Philadelphia, PA 
. !9J06r3621. Primed b die U.S.A. Periodicals postage paid ol Ha^erstown, MD» and ai additional mailing offices. 
Copyright © 2000 by Lippincott Williams & Wilkins. Inc. Al) rights reserved. 

Address for subscription hxformaiio*, orders, or changes of address: (except Japan) 12)07 Insurance Way; Hagcrstown, MD 2)7,40, or caJl 
1-800-638-3030; in Maryland, cal) colicci 301-714-2300. In Japan, contaci J^alcu-Shoin, Ltd., 1-28-36 Honjo, Bunkyo-Io), Tokyo )J3. Japan; phone: 
81-3-38)7.5675; fax: 81-3-3815-6776. 

Annual subscription rates: U.S.: * 143.00 individual. 5309.00 institution; Ca»3da and Mexico: $1 65.00 individual, $232.00 institution. (The 
Canadian GST Tax of 1% will be added to the subscription price of all e/dcjis shipped io Canada. The Lippirjcort Williams & Wilkins, Inc. GST 
Identification No. is 895574239.) Canada Post lme manorial Publications Mail Product Sales Agreement No. 0616168; all other countries (except 
' Japan): SI 7 1.00 individual, $758.00 imtiitmon. (price;, outside North America include S6.00 for air height shipping; air freight delivery occurs within 
7-21 days worldwide.) In let national subscriptions must be piepaid. Single copies, when available, may be ordered from the publisher. Single copies 
$58.00. Pricei aje subjeri lothsnjc without noticr. Copies will bt tcploccd uiihoui charse if die publisher receives a request width] 90 days ol die 
mailing date, both in the U.5. and woildwjde. 

Postmaster: Send chanres ol addicts to Diagnostic MoUcnior Paiholopy, P.O. Box 1550. HacerStown, MD 2)740. 



- . ptogncstic Molecular Pathology 9<}): 47-57. 2000 



© 2000 Lippincon Williams & WiOins. lnc, Philadelphia . 



This material may be protected by Copyright law (Title 17 U.S. Code) 



CoiTelative Imraunohistochemical and Reverse 
Transcriptase Polymerase Chain Reaction Analysis of 
Somatostatin Receptor Type 2 in Neuroendocrine 
; Tumors of the Lung 



T-rrftJauiu Papotti, M.IX7^briira'€TOcerM:IX7" 
. V Aola Funaro, Pb.D:, Carta Pecchioni, Marcus Schindler, M.D., and 
7" Gianni Bussolati, m.d., F.R.c.Patb. 



Somatostatin receptors type 2 (sst2) have been frequently de- 
' tected in neuroendocrine rumors and bind somatostatin ana- . 
... - logues, such as octreotide, with high affinity. Receptor autora- 
'-. -*•-•' diography, specific mRNA detection and. more recently, ami- 
' sst2 polyclonal antibodies are currently employed to reveal 
- sst2: The aim of the present study was to investigate by three 
: different techniques the presence of sst2 in a series of 26 neu- 
' roendocrine tumors of the lung in which fresh fio2cn tissue and 
paraffin sections were available. It was possible, therefore, to 
compare, in individual cases. RNA analysis studied by reverse 
• transcriptase polymerase chain reaction (RT-PCR), in situ hy- 
■" bridiiatioD (JSH), and irTUTmnohrstocherm'stry. A series of 20 
.nonneuroendocrine lung carcinoma samples served as controls. 
RT-PCR was positive for sst2 in 22 of 26 samples, including 15 
of. 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 
small- cell carcinomas. The sst2.mRNA signal obtained by RT- 
PCR was strong in the majority (87%) of typical carcinoids and 
of variable intensity in atypical carcinoids and small-cell car- 
cinomas. A weakly positive signal was observed in 5 of 20 
control samples. In irnmunohistochemistry, two diffejeni arjti- 
bodies (anu-ssl2) were employed, including a monoclonal an- 
tibody, geneiaied in the Department of Pathology, University 
of Turin. In the majority of samples a good con elation between 
sst2 mRNA (as delected by RT-PCR) and sst2 protein expres- 
. si on (as detected by immunohisiochemisuy) was observed. . 
However, one atypical carcinoid and one small-cell carcinoma 
bad focal unmunostaining but no RT-PCR signal. JSH per- 
formed in selected samples paralleled the results obtained with 
the oihci techniques. A k>wsst2 expression was associated with 
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high grade neuroendocrine tumors and with aggressive behav- 
ior. It is concluded that ]) neuroendocrine rumors of the Jung 
express sst2, and there is a correlation between the mRNA 
amount and the degree of differential on; 2) imrounohistoch em- 
is try and ISH are reliable tools to demonstrate sst2 in these 
rumors; and 3) sst2 ideritifj canon in tissue sections may provide 
information on the diagnostic or therapeutic usefulness of so- 
matostatin analogues in individual patients with neuroendo- 
crine rumors. 

Key Words; Neuroendocrine — Lung — Tumors — Somato- 
statin receptors — Immunohistochemistry— Small cell carci- 
noma — Reverse transcriptase polymerase chain reaction. 

Diagn Mo! Pathol 9(J): 47-57, 2000. 



The somatostatin receptor family '(sst) includes at least 
five isoforrns that have been recently identified and char- 
acterized (1832,4]). The ssts are widely distributed in 
normal human tissues and in human rumors. Sst type 2 is 
more commonly detected in neuroendocrine rumors 
(32,37) and binds the somatostatin analogue octreotide 
with high affinity. 

Sst localization had originally been demonstrated by 
means of binding assays of radiolabeled somatostatin 
analogues (20,25,31). Subsequently, specific sst messen- 
ger RNA (mRNA) detection was obtained by means of in 
siru hybridization .0SH) and reverse transcriptase poly- 
merase chain reaction (RT-PCR) (14,32,37)- Recently; 
polyclonal antibodies specific for different isoforrns of 
sst were produced and used in njimunohistochemisu7 
(10,32,15,1830,35,36). Given the well-known heteroge- 
neity of neoplastic. populations, in situ methods (iimnu- 
nohi st oc be mi s try and ISH) allow a more definite map- 
ping of the distribution of the recepfoi in such tissues. 
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This is potentially useful for predicting the responsive- 
ness of a given neoplastic cell population to medical 
treatment with somatostatin analogues, which are used in 
the clinical setting for both diagnostic and therapeutic pur- 
poses with special reference to neuroendocrine tumors. 

The spectrum of neuroendocrine tumors of the lung 
includes well-differentiated neoplasms (so-called typical 
. carcinoids) and poorly differentiated small-cell carcino- 
mas (SCCs). Intermediate forms sharing features of both 
the aforementioned types also belong to this spectrum 
. (so-called atypical carcinoids or well-differentiated neu- 
roendocrine carcinomas). Finally, large-cell neuroendo- 
— erine-carGinoma-haE-been-identified and- included -ia-this- 
rumor group (4,40). The tissue distribution of sst2 in 
neuroendocrine tumors of the lung has not been thor- 
oughly characterized, although individual samples of 
: bronchial carcinoids were found to express sst (30). 
SCCs (but riot non-small-cell types) were also shown to 
be sst2 positive by receptor binding assay (33). More- 
over, sst2 has been detected in in vitro cell cultures of 
human SSC of the lung (39,42). No study on a series of 
neuroendocrine tumors of the lung- including all neuro- 
endocrine JuDg tumor types has been reported to date. 

The aim of this study was therefore to investigate the 
presence of ssl2 mRNA and protein in a series of 26 
neuroendocrine tumors of the lung, employing different 
technical approaches, such as RT-PCR, JSH, and imrnu- 
nohistc^hemistry. To ibis purpose a monoclonal anti- 
body to sst2 (N- terminal) was generated in the Depart- 
ment of Pathology, University of Turin. The results were 
then compared and related to the rumor grade and to 
. other clinicopathologic parameters. 

MATERIALS AND METHODS 

Case Series and RNA Extraction 

Twenty-six samples of neuroendocrine tumors of the 
lung, in which fresh frozen tissue was available, were 
retrieved from the surgical pathology file of the Univer- 
sity of Turin, Italy. All samples were reviewed applying 
currently accepted criteria of classification (4,40), and 
the neuroendocrine nature was confirmed by positive im- 
rmi nostaining for chromogranin A (CgA) (with or with- 
out antigen retrieval) or synaptophysin, and by positive 
RT-PCR for CgA mRNA. According to the cjassi- 
ficaiions described here, lhese incJuded 15 well- 
differenlialed neuroendocrine tumors (typical carci- 
noids), 6 well-differentiated neiuoendoaine carcinomas 
(atypical carcinoids), and 5 SCCs. 

A series of 20 non-sma)] : cc)l lung carcinomas (10 
squamous, 9 adenocarcinomas, arid J large- cell anaplas- 
tic) Jacking neuroendocrine differentiation, as demonstrated 
by negative immunohistocheiuisuy and RT-PCR for CgA 
(1), served as a contiol group. Ciiriicopathologic data and 
follow- up information wcic obtained foi all patients. 



For hybridization analysis, total RNA was extracted 
using the guanidine thiocyanate-cesium chloride method 
(5). The concentration of RNA was estimated by spec- 
" trophotometry, and RNA degradation was assessed by 
agarose gel electrophoresis, as previously reported (37). 

Reverse Transcriptase Polymerase Chain Reaction 
for sst2 and Chromogranin A 

Total RNA (2 p,g) was first digested, with 10 units of 
RNase-free DNase (Boehringer, Mannheim, Germany) 
in a 10- uX solution containing 20 mmol/L MgCl 2 , to 
. avoid DNA contamination. The solution was kept at 
room temperature for^O'minutesrtben heated for 5 min- 
" utes at 70°C to inactivate the DNase molecules; 40 
pmol/L of oligodeoxy thymidine primers (oIigo-dT16) 
were added and the solution was heated again at 70°C for 
10 minutes, then chilled on ice to allow the primer hy- 
bridization. The resulting solution was reverse tran- 
scribed using 1 00 units of reverse transcriptase (Gibco 
BRL, Gaitersburg, MD). Complementary DNA (cDNA) 
was generated in a 50- uX final reaction volume contain- 
ing 50 mmol/L Tris-HC) pH 8.3, 75 mmol/L KCl 3 
mmoi/L MgCl 2 , 10 mmol/L dithiothreitol, 1 ntmol/L de- 
oxynucJeotide triphosphates (dNTPs), and 20 units of 
RNasin (Promega, Madison, Wf). The solution was 
heated at 37°C for 90 minutes. Finally, the enzymes were 
inactivated by heating to 70°C for 10 minutes. 

The efficiency of the reverse transcription was deter- 
mined by performing a PCR reaction having the p 2 - 
microglobulin "housekeeping gene" as a target. PCR was 
carried out in a 30-pJL final reaction volume containing 
1 pL of cDNA template, 30 pmol of sense and antisense 
oligonucleotide primers, 67 mmol/L Tris-HQ pH 8.8, 16 
mmol/L (NH«)2S0 4 , 0.01% polysorbate 20, 2 mmol/L 
dNTPs, 3 mmol/L MgC) 2 , and 0.5 units of Taq polymer- 
ase. p 2 - Microglobulin, sst2, and CgA PCR reactions were 
performed using the same protocol at the following PCR 
conditions: 35 cycles^ each cycle consisting of denaturaiion 
at 94 °C for 2 minutes, annealing at 55°C for 1 minute for 
(V microglobulin, at 63 °C for sst2, and at 68°C for CgA; 
extension was performed at 72°Cfor 3 minute. The primers 
used for RT-PCR (9,1 3,2337) are reported in Table 1. 

The amplified fragments were run in a 1% agarose gel, 
containing .ethidiurn bromide. Strict precautions against 
contamination were undertaken (19) and negative con- 
trols (a no- template control and a no-reverse transcriptase 
control and distilled water to replace the RNA) -were in- 
cluded. The RNA extracted from an H716 neuroendocrine 
colon cajcinoma cell line, and from a neuroblastoma (37) 
served as positive controls for CgA and ssl2, respectively. 

Antibodies 

Two different antibodies specific for sst2 were em- 
ployed; The fiist one was a monoclonal antibody raised 
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Size ot PCR 
product (bp) 



Position 



Study 



^.microglobulin sense: 5' ACC CCC ACT GAA A^ GAT GA 3 

o fe^o&obuSh anlisense: 5' ATC TTC AAA OCT CCA ^TGA TG. 3' 

3 §STR2 s^nse: 5' CAG TCA TGA GCA TCG ACC GA 3' 

2 SSTB2 antisense: 5' GCA AAG ACA GAT GAT G6T GA 3* 

% iSVense. 5' GCT CCA AGA CCT CGC TCT CC 3' 

s{ Cg A anlisense: 5' 6AC CGA CTC TCG CCT TTC CG 3' 

K - PCB> polymerase chain reaction. 



120 
284 
583 



286-305 
389-408 
402-421 
665-684 
316-335 
B78-8B7 



Gussow et al. (B) 
Sestinl et at (37) 
Helroan et at. (1 1) 



in foe Department of Pathology (University of Turin) 
specific for an N-tenni D^_$Aqo^nce^>f ^e_s^t2J shared. 



by- both A and B receptor isofonns). The octapeptide 
EPyYDLTS, corresponding to amino acids 35 to 42 of 
the human receptor (and differing by one amino acid 
"iron) the mouse sequence), was synthesized, having a 
l^dn added to the N-termina). Tbis sequence was similar 
iotbat used by other groups to produce polyclonal anti- 
bodies (17,18,27). This sequence was rather sbort but 
■ made it possible to avoid extensive homology with sstl. 
"in addition, according to a genbank search using FASTA 
" (28), this protein sequence is unique to human sst2 and 
has a partial homology only with Tat and human nuclear 
receptor retinoid orphan nuclear- receptor- beta (a piotein 
■' having nuclear localization). Three Balb/c mice were im- 
munized with the peptide conjugated to keyhole limpets 
hemocyanin (KLH) (Sigma, St. Louis, MO) following 
' the standard procedure. After the first intrasplenic injec- 
tion (1.00 p.g of protein) at time 0, the mice were intra- 
periioneally injected six times with the peptide-KLH 
conjugate (150 pg) in the presence of Freund adjuvant 
The reactivity of the sera from each animaJ was evalu- 
ated using an enzyme-Jinked immunosorbent assay, us- 
ing the peptide coated onto the plastic. The bybridomas 
were produced by somatic fusion of immunized splencn 
cytes with the mouse myeloma cell line Ag8.X 63.653," 
. following the starjdard technique (21). Tbe monoclonal 
• antibodies of interest were selected on the basis of the 
reactivity with the target peptide and with appropriate 
tissue sections; Tbe latter included formalin-fixed and 
paraffin-embedded sections of pituitary, gland and pan- 
creatic islets and were analyzed by means of immuno- 
peroxjdase staining. Parallel control experiments were 
also performed by staining serial sections of these tis- 
sues, emitting tbe primary antibody or with the preim- 
mime serum oi with the antibody preadsorbed with high 
concentrations {1 rng/mL) of tbe antigenic peptide. In 
addition, the selected monoclonal antibodies (coded 
10C6 and lOG4),.both of IgM isotype, were further char- 
acterized by West em blotting. Membranes were prepared , 
from stable uninfected Chinese hamster ovary (CHO> 
K J cells, individually expressing recombinant human so- 
matostatin receptors (sstl to sst5). Western blotting was 
performed as previously described (36). The monoclonal 



antibody was used as culture supernatant at 1:3 dilution 
_for 7 : "hours at room .t emperatin^m Tris-buffered saline 
(TBS), supplemented with 0.1% polysorbate 20. Blots 
were washed in 7TB S and incubated with peroxidase- 
conjugated goat antimouse IgM, diluted 1:1-500 for 90 
minutes at room temperature. Toen, blots were washed in 
TTBS and irnmunocoroplexes were visualized using 
ECL following manufacturer^ instructions (Amersbam, 

Bucks, UK). ' 

A second polyclonal antibody was produced that nao 
been characterized previously (35,36). This antibody 
(coded K230) was raised in sbeep and was specific for a 
sequence of tbe C-terminal portion of the sst2A (KSRL- 
OTTTETQRT1JLNEDLQ, arnino acids 347 to 366). 

. Immunobistocbemxstry 

Sections 4 or 5 p. thick, adjacent to those used for 
conventional histopathologic examination and immuno- 
staining for neuroendocrine markers, were collected onto 
poly-L-lysine-coated slides. The proliferative activity of 
the rumors was assessed by means of Ki67 imrnunosta- 
nihing (clone MIB1, Immunotecb, Marseille, France), 
diluted 1:10 after microwave-based antigen retrieval in 
citrate buffer). Tbe ascitic fluid of monoclonal antibody 
10G4 was used in this study and was applied to tissue 
sections with prior antigen retrieval (three 3-minute pas- 
sages in a.micTOwave oven at 800 "W in citrate buffer pH 
6.0), at the dilution of 1:10,000 or 1:12,000 for 30 min- 
utes at room temperature, the antiserum coded K230- 
was applied overnight at a dilution of 1:300 with no prior 
antigen retrieval. The immune jcactions were then re- 
vealed with the immunoperoxidase technique (13) using 
the streptavidin-peroxidase kit and diaminobenzidine as 
chroroogen. A weak nuclear counteistain or no countei- 
stain was used in parallel sections. Conuol stainmgs for 
both antibodies included immunoperoxidase of serial 
sections using preinrraune serum oi antibody pread- 
sorbed with the antigen or buffer instead of tbe primary 
antibody. 

In Sim Hybridization 

Selected tumors (12 samples) were aiso analyzed for 
sst2 inRNA" expression by means of □ nonradioactive, 
tyianude deposition-based 3SH technique. The procc- 
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dure of amplification was modified from procedures re- 
ported by Kerstens et aJ. (16), Speel et al. (38), and' the 
GenPoint (biotinyl-tynarnide) manufacturer (Dalco, GIos- 
tnip, Denmark). Briefly, 5-pjn-thick paraffin sections 
were collected onto silane-coated slides- and deparaf* 
iinized through xylene and graded alcohols to phosphate 
buffer saline (PBS). The slides were then incubated for 5 
minutes in a microwave oven at 800 W in citrate buffer 
pH 6.0. After washing in PBS, ihey were digested with 
proteinase K-(l p-g/mL) for 10 minutes at 23 °C Endog- 
enous peroxidase activity was blocked with 3% hydro- 
gen peroxide and endogenous biorin was blocked using 
vidirMjJcKrkrag-Te^enrtoT-lS minutes -follow ed by 



washing in PBS and biotin-blocking reagent for 15 min- 
utes (3). Sections were then prebybridi2ed for 1 hour at 
room temperature in a mixture composed of 4x SSG, 
50% foiroamide, Denhardt's 1 x, dexlrane sulfate 5x, 500 
P-g/mL salmon sperm DNA, and 250 fxg/mL tRNA. Hy- 
bridization took place overnight at 42 P C in a solution 
containing the specific probe at a concentration of 1 
prool/mL The probe was a digoxigenin-labeled A 8- base 
oligonucleotide (32), complementary to positions 93 to 
339 of the human sst2 gene (41). After hybridization,, 
excess hybridization buffer and coverslips were removed 
, by a rapid wash in 4x SSC followed by stringent washing 
in O.lx SSC for 10 minutes at 42°C. ITje hybrids were 
revealed by the following incubation steps: peroxidase- 
labeled antidigoxigenin (diluted 1:100 in PBS) for 30 
minutes at room temperature, bioiinylated tyramide (di- 
luted 3:5 in PBS) for 35 miuutes at room temperature, 
and per ox idase-labeled streptavidin for 15 minutes at 
room temperarure. Diaminobenzidine was used as chro- 
mogen. Controls for 3SH included staining of seria3 sec- 
tions wiih sense probe, an unrelated probe (EBER-3 of 
the Epstein-Barr virus), and omission of the probe in the 
hybridization mixture, with all other experimental con- 
ditions identical to the procedure described here. 



RESULTS 

Keverse Transcriptase Polymerase Chain Reaction 

All neuroendocrine rumors, but no norineuroendocrine 
lung carcinomas, were positive for CgA mRNA (Fig. 1). 
Ssl2 mRNA was amplified in 22 of 26 samples of neu- 
roendocrine tumor. The signals bad variable intensities 
(Fig. 2) and were weak in moderately or poorly differ- 
entiated tumors (mostly in SCCs). No amplification was 
obtained in no-template or no-reverse transcriptase ex- 
periments. Control samples (norineuroendocrine lung 
carcinomas proven by negative CgA RT-PCR) were 
weakly positive for sst2 in 5 of 20 samples only (includ- 
ing 3 adenocarcinomas, 1 squamous, and the large-cell 
anaplastic carcinoma) (Fig. 3). These differences were 
statistically significant (P < 0.03 ) by X 2 test 

Characterization of Monoclonal Antibodies to sst2. 

Several clones were identified having a positive bind- 
ing by enzyme-linked immunosorbent assay and a par- 
allel immun ore activity 1 on formalin- fixed paraffin- 
embedded human endocrine tissues (pituitary and pan- 
creatic islets). In Western blotting experiments, two 
clones (coded 1 0C6 and 1 0G4) specifically developed a 
band at approximately 70 kDL When the antibodies were 
used against CHO-transfected cells expressing recombi- 
nant somatostatin receptors 3 through 5, a specific band 
corresponding to ssr2 (al approximately 70 kD) was re- 
vealed by the monoclonal antibody 10G4. Monoclonal 
antibody 10C6 developed a strong band with sst2 but 
displayed a weaker reactivity also with sstl, 3, and 5, at 
least in the present experimental conditions (Fig. 4 A,B). 
The same antibodies were also tested by means of im- 
rhunoperoxidase staining, on formal in- fixed, -paraffin- 
embedded samples. of normal human pituitary gland and 
pancreas. Monoclonal antibody 3 QG4 gave good results 
in immujjohistochemistry and was used at increasing di- 
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FIG. 1. Reverse transcriptase polymerase chain reaction lor chromogranih A (CGA) mRNA 
in 26 samples ol neuroendocrine tumor of the lung. Numbers in each lone correspond to 
sample numbers in Table 2. CGA mRNA is amplified at 429 bp. C and C* stand tor positive 
(neuroendocrine colon carcinoma cell line, H716) and negative (distilled water) contiols, 
respectively. The las! column to the right represents the molecular weight marker. Alt samples 
are positive with a variable intensity of the amplification band.. 
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4 5 6 7 8 9 10 Jl 12 33 14 15 16 17 18 19 20 21 22 23 24 25 26 C C* 
FIG. 2. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 26 samples of 
"neuroendocrine tumor of the lung. Numbers in each lane correspond to sample numbers in 
Table 2. sst2 mRNA is amplified at 284 bp. C and C* stand for positive, (a neuroblastoma) 
and negative (distilled water) controls, respectively. The last column to the right represents 

. the molecular weight marker. Twenty-two of 26 samples are positive with a va riable Intensity 
of the amplification band. ■ . 
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lutions (up to 1:15,000) with specific staining. Using thin 
sections (approximately 4 pm), a strong membrane- 
bound and peripheral cytoplasmic immunoreactivity was 
found in an adenohypophyseal cell population (corre- 
sponding to growth homi one- secreting cells, as con- 
firmed by double immunohistochernica) analyses) and in 
pancreatic islets (Fig. 4 C,D). In the latter, the staining 
was apparently not restricted to a specific hormone- 
producing cell type and had a peripheral cytoplasmic or 
membrane distribution. Exocrine pancreatic cells (both 
acinar and ductal) were only occasionally immuno : 
stained. Immunohistochernisn^ performed on serial con- 
trol sections, either omitting the primary, antibody or us- 
ing the pre immune serum or antibodies pieabsorbed with 
the synthetic peptide, was negative in both tissues. 
Monoclonal antibody 10C6 had a relatively higher back- 
ground staining at similar dilutions. 

Irnnmnobistocbemistr}* - " 

The antibodies to sst2 (monoclonal antibody 10G4 and 
polyclonal K230) gave slightly different immunoreac- 
lions in 25 samples, and staining was not done in 1 
sample because of Jack of residual paraffin blocks. The 
monoclonal antibody 1 0G4 stained 21 of 25 samples, the 



negative samples being 1 atypical carcinoid and 3 SCCs 
(Fig. 5). The rumors had 5% to 25% of the neoplastic 
cells immunoreactive. The. staining was at the periphery 
of ibe cytoplasm, arid omitting the counterstain its mem- 
brane-bound distribution was better outlined in most 
samples (Fig. 6). One sample of atypical carcinoid <no. 
21) was focal ly immunore active for sst2, despite nega- 
tive RT-PCR findings. Conversely, sample no. 26 was 
irnmunohistocheTnistry negative and RT-PCR positive. 
The -antiserum anti-sst2A (code K230) gave positive sig- 
nal in 19 of 25 samples, in 5% to 60% of the neoplastic 
cell population (Fig. 7). The location of the staining was 
at the membrane level associated with a weak cytoplas- 
mic reactivity. The same pattern was seen in positive 
controls, e.g., panqeatic islets (Fig. 7, inset). Two 
samples (nos. 19 and 26) were negative in spite of a 
positive RT-PCR signal. Two other tumors (nos. 21 and 
-22), apparently devoid of sst2 mRNA, showed a small 
percentage of immunoreacrive cells. Incidentally, one of 
these latter samples (no. 21) was also immunoreacrive 
with monoclonal antibody 10G4 (Table 2). 

The five control samples positive 'by RT-PCR were 
also reactive with the antibodies. The type of immuno- 
cytochemical location of sst2 receptors was similar to 
that described here, being a peripheral cytoplasmic stain- 
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FiG. 3. Reverse tianscriptose polymerase chain reaction for ss\2 mRNA in 20 control 
samples of nonrreuroendocrine lung cafcinorna. Five of 20 samples show a weak band at 
284 bp corresponding to ss!2 rnRNA. Control* columns (C and C) are identical to Ihose in 
Fiq. 2. 
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FIG, 4. Western blot analysis of monoclonal antibody 
clones 10G4 and 10C6 against ssl2 in Chinese hamster 
ovary cells transfected with recombinant sst 1 through 5 
(numbers ol each column correspond to receptor type). 
Monoclonal antibody 10G4 shows a specific band at ap- 
proximately 70 kD for sst2 only (A) as opposed to mono- 
clonal antibody 10C6, which strongly reacts with sst2 but 
also has some degrees of cross-reactivity with sst 1, 3, 
and 5 (B). The lower ttgures show control formalin-fixed 
paraffin-embedded pancreatic isfets immunostained with 
monoclonal antibody 10G4 without (C) and with (D) 
preadsorption with the peptide antigen, respectively. The' 
majority of endocrine cells show a membrane- bound im- 
munoreactrvity (C) (immunoper oxidase). Bar: 90 pm. 



ing present in 40% to 70% of neoplastic cells. A weak 
and focal staining was also observed in five of the re- 
maining RT-PCR-negaiive samples, when the antibody 
K230 was used (but not when the monoclonal was em- 
ployed). 

Several cells in perilumoral tissues were occasionally 
stained. Ciliated cells of bronchial mucosa had a periph- 
eral staining at the cijia border. .Mucous glands were 
negative. Rare chondrocyies had a membrane staining. 
The wall of perilumoral as well as of occasional distant 
vessels was srained at the endothelium level and in oc- 
casional smooth muscle cells. 

. The reactivity of both antibodies was abolished in se- 
rial sections when die reacts were preabsoibed with 
the respective synthetic pepiicles, but not when an unre- 
lated peptide was used. The perimmoral bronchial mu- 
cosa had a foca) staining of ciliated cells with both an- 
tibodies. This reactivity disappeared- when the pieab- 
s or bed a mi body was applied. 



In Situ Hybridization 

Eight of J 2 samples stained by 1SH were positive for 
sst2 roRNA. The mRNA was present in a percentage of 
cells (ranging from 10% to 40%) and gave a weak signal 
(Pig- 8)> despite the amplification provided by the tyra- 
mi de-based procedure. The background level was mini-, 
mal using diluted biotinylated ryramide. Control sections 
stained with sense probe or an unrelated probe, or omit- 
ting the probe, were consistently negative. 

Clinical Data 



Qinicopathologic data are summarized in Table 2, At 
follow-up, the majority of patients with typical carci- 
noids are free from disease 1 to 1 1 years after surgery. 
Two patients are alive with stable metastatic disease. 
Patients affected by atypical carcinoids had disease pro- 
gression in one third of samples. Finally, patients with SCC 
had fatal outcomes within 1 year from diagnosis (except the 
recent sample). Eight patients had preoperative octreotide 
scintigraphy performed at the time of diagnosis. All patients 
had positive octreoscan findings, *and, in these patients, 
also the tumor was positive by RT-PCR and immu- 




FIG. 5. sample no. 25 (small cell carcinoma). Absence of 
rmmunoreactivity for ss(2 with the monoclonal 10G4. This 
sample was also negative by reverse transcriptase poly- 
merase chain reaction and in situ hybridization. (Immuno- 
per oxidase in a formalin-fixed paraffin-embedded sample. 
Nik lei slightly counterstained with hemalum.) Bar: 45 pro. 
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nohistochemisiry or ISH. In addition, three of these pa- 
tients received octreotide therapy administered at the 
time of tumor recurrence or metastatic spread. Stable 
disease is recorded at follow-up more than 5 years after 
diagnosis. 

'Correlations. 

Overall, complete overlapping (i.e., RT-PCR, ISH, 
• immiinobistochemistry with two antibodies) be- 
- Kveen sst2 gene and protein expression was obtained in 
21 of 25 samples (84%) and between RT-PCR results 
j^d-inummom'siccbeniicaL^ ih .aLieasL-ou 



the antibodies in 24 of 25 samples (96%). Tbe monoclo- 
nal antibody 10G4 looked highly sensitive, being able to 
stain all but one sample (do. 26) (95%) positive for sst2 
mRNA by RT-PCR. Sst2 expression, at mRNA as well 
as at protein levels, was reduced in high grade rumors, 
with SCCs being weakly positive in only two of five 
samples. Decreasing expression of sst2 appears to cor- 




RG. 6. sample no. 16 (typical carcinoid). Immunohisto- 
chemical detection of sst2 by means ot monoclonal anti- 
body 10G4. The neoplastic cells have a peripheral cyto- 
plasmic staining and membrane posilivily in some .cells, 
■ whereas the peribronchial gland adjacent to Ihe tumor is 
unreactrve. (Immunopercxidase in a formalin-fixed paraf- 
iin-ernbedded sample. Nuclei slightly counterstained with 
hemalum.) Bar: 45 pm. The membrane bound distribution 
ol tbe immunostaining is better outlined in a paiatlel sec- 
tion stained lor monoclonal antibody 10G4 omitting* 
nuclear counterslain (inset). 




FIG. 7. Same sample as in Fig. 6. Immunobistocbemical 
detection ol sst2 by means of the polyclonal antibody 
K230. The immunostaining ts more intense at the cell bor- 
der (arrows), as observed with the monoclonal antibody. 
In the inset, a pancreatic islet, used as positive control 
shws a predominant membrane-bound immunostaining of 
many neuroendocrine cells. (Immunoperoxfdase in a for- 
malin-fixed paraffin-embedded sample. Nuclei slightly 
counterstained with hemalum.) Bar 45 pm. 

relate with high tumor grade and elevated proliferative 
activity, but not with other parameters such sex, age, or 
tumor size. 

DISCUSSION 

In this study, the presence of sst2 rnRNA has been 
demonstrated in a series of resected neuroendocrine ru- 
mors of the lung by.means of RT-PCR and confirmed by 
a sensitive nonradioactive tyj amide-based JSH procedure 
and by immunohistochemistry with anti-sst2 antibodies. 
Samples of both carcinoid tumors and SCCs were sst2 
positive, although a reduced, or absent signal was ob- 
served in poorly differentiated (small^c!!) carcinomas. 
This is the first study of sst2 expression in a relatively 
larce series' of neuroendocrine tumors of tbe lung. Single 
samples of homan carcinoids and SCCs (including cell 
lines of the biter) had previously been analyzed and 
found to express sst2 (7.1 5;30,32,33,39,42). Several 
methods have been used to detect dicse receptors and 
partially overlapping results-were obtained. 

in the present study, the expression of high amounts of 
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TABLE 2, Clinicopathologic data and somatostatin receptor type 2 (sst2) expression in 26 cases of neuroendocrine 

- lung tumors 



Patient 






Size 


Follow-up 


CgA 


CgA 


SYP 


K>67 


SS12 


sst2lHC 


sst2 IHC 


no. 


Diagnosis 


Sex/ape 


(<??). 


(mo) 


1HC 


RT-PCR 


IHC 


IHC* 


RT-PCR 


Mab(10G4) 


(K230Ab) 


1 


WD NET 


F/35 


3.5 


NED 90 


+ 




+ F 


1.5 


4-M- 


4 


. + 


2 


WD NET 


F/29 


4 - 


NED 45 




-Hf 


4F 


3 


44 


+ 


4 


3 


WD NET 


T/41 


2.5 


NED 70 


+ 


++ 


4- 


0.1 


44-4 


*+ 


4F 


A 


WDNETt 


F25 


4 


NED 21 


+ 


++ 


4- 


2.6 


44-4 


+ F 


+ F 


' 5 


WD NET| 


M/58 


3.8 


NED 23 


+ 


4+4 


4 


13 


44-f 


+ F 


+ 


6 


WD NET 


W52 


2.5 


NED 42 


+ 


44 


+ 


- 4.5 


44+ 


. + F 


+ F 


7 


WD NET 


F/69 


• 3.5 


NED 47 


+ 


44 


4 


1 


4 


*4 


+ 


8 


WD NET 


M/29 


3 


NED 70 




444 




1.5 


44+ 


"4 


4 


'9 . 


WD NET 


W27 . 


4 


NED 108 


+ 


+44 


+ 


NT 


+4+ 


• 4 


+ 


■in 


WU UaT- 


fi/l/oo 


• Q 
O 


AWL) 55 




44 


4 r 


1.1 


4+ 


+ r 


4 • 


11 


WD NET! 


F/29 


2 


A WD 56 


+ 


444 


4 


2.5 


+++ 


+ 


4 


12 


WD NET* 


F/32 


3 


NED.26 


+ 


44 


+ 


4 " 


+++ 


4 


4 


13 


WD NE Ca 


M/60 


. 3 


NED 133 


+ 


444 


4 


1 


4+4 


NT 


NT 


14 


WD NET 


M/28 


' 4 


NED 130 


4 


+44 , 


4 


1 


+4+ 


' 4 


4 


15 


WD NET4 


M/41 


1.3 


AWD 53 


+ 


444 


4 


1.5 


44+ 


4 


4 


16 


WD NETf 


F/31 


1 


NED 13 




44 


4-4 


2.6 


4 


4 


4 


17 


WD NET 


F/53 


4 


NED 24 . 


. + 


444 


+ F . 


4 


44+ 


+ F 


4 


18 


WD NE Ca 


M/62 . 


3 


NED 6 




44 




-13 


4+4 


4 


4 F 


19 


WD NE CA 


F/73 


5 


DOD 20 


+ 


44-4 


4 


3 


4+ 


4 




20 


sec 


M/57 


6 


DOD12 


+ 


44 


4 


45 


4 


+ F 


+ F 


21 


sec 


M/51 


4.5 


DOD 5 


+ 


4 


4 


35 




+ F' 


+ F 


22 


WD NE Ca 


M/60 


6 


NED 51 


+ 


44 


4 


1.5 






4 


23 


see 


F/56 


6 


DOD 11 


-f 


+ 


4 


50 








24 


WD NE Ca 


W77 


2.5 


NED 21 




4 


4 


24 


+ 


+ F 


4 F 


25 


sec 


W57 


5 


DOD 10 


+ 


44 


44 


80 








26 


sect 


M/68 


-11 


recent case 




4 


4+ 


71 


+ 







AWD, alive with disease; CgA, chromogranin A; DOD, died of disease; -# F, focal: positive in <5% of cells; IHC; Immunohistocnemistry; 
Mab, monoclonal antibody. NECa, Neuroendocrine carcinoma; NED, no evidence of disease; NET, neuroendocrine tumor; NT, not tested; 
RT'PCR. reverse transcriptase polymerase chain reaction; SCC, SmalKcefl lung carcinoma; SYP, synaptophysin; Wp, well differentiated. 
. * Ki67 IHC: values correspond to percentage of positive nuclei of neoplastic cells. 

t Patients who had preoperative octreoscan performed. 

i Patients who had octreoscan performed and octreotide treatment. 



sst2 mRNA was confirmed in well to moderately differ- 
entiated neuroendocrine tumors, in agreement with the 
results obtained by Reubi et al (32) by means of radio- 
active 1SH. The presence of sst2 mRNA in SCC had 
never been reported in human specimens, except for two 
. samples included in. Reubi et al's series (32). Although 
the data on cell lines support the observation that SCCs 
contain sst2 (42), slightly discrepant results were found 
in some of samples described here. Unfortunately, SCCs 
are rarely operated on, and therefore it is difficult to 
collect a laige number of surgical specimens. The five 
samples studied in the current series by means of RT- 
PCR had a low amount (two samples) or absent (three 
samples) sst2 mRNA. This could be die result of the 
extensive necrosis commonly present in such tumor 
types. However, because care was taken to freeze frag- 
ments that were.macioscopically devoid of necrotic ar- 
eas, a more likely hypothesis is that sst2 expression is 
reduced in poorly differentiated rumors. Recently, Reis- 
inger et al. (29) showed that the uptake of somatostatin 
analogues in patients with SCC undergoing chemo- 
therapy is 5i«nificamly lower, and therapeutic external 
factors" inay affect the receptor status of individual ru- 
mors. In addition, the uptake of somatostatin analogues 



in metastatic deposits of SCC has been shown to be low 
or absent (29,2). The present findings suggest that the 
sst2 mRNA content is related to the degree of tumor 
differentiation. These data roust be confirmed in larger 
series of nonneurbeDdocrine rumors to ascertain whether 
the observed loss oj decrease of sst2 expression in neu- 
roendocrine rumors is a common- event linked to neo- 
plastic dedifferentiauon. In addition, further studies are 
needed to assess the functionality of such receptors, by 
comparing the profile of sst2 expression in tumor tissues 
with binding assays employing labeled somatostatin and 
with the clinical response to diagnostic and therapeutic 
administration of somatostatin analogues. 

To this purpose, several investigators have demon- 
strated a correlation between clinical imaging or re- 
sponse to somatostatin analogue treatment, and sst2 
mRNA content in single . samples of carcinoid rumors 
(15,22). Northern blotting and ISH weje the techniques 
used for sst2 mRNA identification. This kind of corre- 
lation is useful for selecting patients for somatostatin 
analogue treatment, although the demonstration of recep 1 . 
tor rnRNA in a cell does not imply per se that the recep- 
toi is fully functional. 
The pjesent -study relied on a highly sensitive tech- 
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-FIG..B* sample -no.-14- (typical carcinoid). In -sikFhybfkJ- 
ization (ISH) for sst2 rnRNA shows a weak cytoplasmatfc 
staining (A) in most tumor cells.. An ISH performed with an 
unrelated probe was negative in a serial section of the 
same tumor (B).. This sample was strongty positive by 
reverse transcriptase polymerase chain reaction for sst2 
mRNA and by immunohistochemistry. (Nonradioactive 
ISH revealed by peroxidase and diaminobenzidine, as 
substrate. Nuclei counterstained wilh hemaJurn.) Bar: 
75 urn. . 



: nique, RT-PCR, to identify all samples bearing even 
small amounts of sst2 mRNA. Indeed, in a previous 
study, single samples exhibiting octreotide-binding sites 
" had no demon suable sst2 mRNA by means of JSH, pos- 
sibly due to the low sensitivity of the ISH procedure (34). 
The RT-PCR has sbown sst2 mRNA transcripts in the 
majority of samples here studied. Only four samples 
were negative, all belonging to poorly differentiated high 
grade tumors, which usually follow an aggressive course. 
A decrease of sst2 mRNA expression in association with 
neuroendocrine rumor dedifferentiation had also been re- 
ported in neuroblastomas (37). In tbe above report, as 
well as in tbe current study, samples having an unfavor- 
able prognosis were found to contain a relatively low 
amount of ssl2 mRNA, as compared with well- 
differentiated rumors. 
| In the current sample series, eight samples were in- 

j vesbgated before surgery with radiolabeled octreotide. 
I Despite the low figures, all the samples positive at the 
I diagnostic procedure had a strong RT-PCR signal for 
| sst2 mRNA. Three of eight patients were also responsive 
to octreotide treatment administered at the n'me of re- 
iapse or metastatic spread. More extensive correlative 
ctmicopathologic smdies on the sst starus are needed to 
better define the tissue distribution, of somatostatin bind- 
ing sites and their potential clinical role in the treatment 
°f patienis. 

Sst2 evaluation by means of ISH (14,32) or RT-PCR 
• (26,37) is a highly sensitive and reliable procedure. Un- 
fortunately, these techniques hav? limitations because 
._.„. frozen tissue is needed for some of them, and radioactive — 
material oi costly and lime- consuming methods are nec- 



essary for others. Inununobistocheirncal analysis of sst2 
by means of specific antibodies represents an ideal, 
cheap, and rapid alternative, easily applicable to archival 
material. For these reasons* several investigators have 
raised polyclonal antibodies specific for sst (8,10,15,17, 
38). In tbe current study, tested tumor fragments adjacent 
to those snap frozen for RT-PCR analysis were tested 
with a polyclonal antibody against a C-terminal portion 
of the sst2A splice variant (35,36). In addition,. a monr> 
clonal antibody was produced in the Department of Pa- 
thology (University of Turin) against an N-terminal se- 
quence of the human sst2. This antibody was the first 
monoclo n al devel oped against sst2 and was sbown to be 



highly specific for sst2 in Western blot and immunobis- 
tocbemical analysis. Both tbe monoclonal and tbe poly- 
clonal antibodies specifically reacted with all. samples 
also positive by RT-PCR (with minor discrepancies in 
two samples, likely due to tumor heterogeneity). Tbe 
observed correlation between RT-PCR and immuDohis- 
tocbemistry indicates that tbe latter may be a reliable 
diagnostic tool and may allow unmunohistocbejnical in- 
vestigation for sst2 even in small biopsy samples. This in 
rum may enable a rapid screening of ssi2-positjve rumors 
for medical treatment with somatostatin analogues. 

.Having confirmed in a relatively large series that tbe 
vast majority of neuroendocrine rumors of the lung con- 
tain variable amounts of sst2 mRNA, a final comment is 
deserved for sst2 expression* in nonneuroendocrine lung 
carcinomas. No data have been reported thus far in tbe 
literature concerning normal human lung, although in the 
present study some bronchial cells of perirumoral paren- 
chyma were positive for sst2 when irrjununobistocberni- 
cal analysis was performed with either antibody. The 
staining was specific because it was abolished using pre- 
absorbed antibodies. Therefore, it is likely tbat normal 
human lung tissue contains sst2/ This might be con- 
firmed by alternative techniques (e.g.,* Western blot, RT- 
PCR). However, in situ morphologic procedures, such as 
those employed here, have definite advantages. In fact, 
the lung is neb in vessels, and in several tissues (either iri- 
rumoral or in mflarrirriatory-reactive conditions) tbe ves- 
sels were recently shown to contain sst (6). 

A Jow expression of sst2 was found in 25% of lung 
carcinomas of nonneuroendocrine type investigated in 
the present study by means of RT-PCR. Tbereforc, sst 
!ype 2, ai least, does not appear to be extensively ex- 
pressed in nonneuroendocrine carcinomas of tbe lung. 
However, because two tumors in the control group (a 
squamous carcinoma and an adenocarcinoma, respec- 
tively) had positive octreotide scintigraphy, but no sst2 
mRNA, it is plausible that a heterogeneous disnibution 
of sst occurs in nonneuroendocrine lung rumors. Other 
receptor types may be expressed in these tumors and may 
be responsible for die positive results in diagnostic test- 
ing. Because sst5. is also known to bind somatostatin 
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analogues, such as octreotide, with high affinity (24), the 
expression of this jeceptor type will be investigated in 
furore studies. D 
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Expression of somatostatin receptor types 1-5 in 81 cases of 
gastrointestinal and pancreatic endocrine tumors. A correlative 
inimnnohistocheoiical and revcrse-trauscriptase polymerase chain 
reaction analysis. 

Papotti M, Bongiovanni M, Volante M . Allia £ , Landolfi S . Helboe L . Schindler M 
Cole SL . Bussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Via Santena 7, 
10126 Turin, Italy, mauro.papotti@unito.it 

Somatostatin receptors (SSTRs) have been extensively mapped in human tumors by 
means of autoradiography, reverse-transcriptase polymerase chain reaction (RT-PCR), in 
situ hybridization (ISH) and immunohistochemistry (IHC). We analyzed the SSTR type 
I -5- expression by means of RT-PCR and/or IHC in a series of 81 functioning and non- 
functioning gastroenteropancreaiic (GEP) endocrine rumors and related normal tissues. 
Moreover, we compared the results with clinical, pathological and hormonal features. 
Forty-six cases (13 intestinal and 33 pancreatic) were studied for SSTR 1-5 expression 
using RT-PCR, IHC with antibodies to SSTR types 2, 3, 5 and ISH for SSTR2 mRNA. 
The vast majority of rumors expressed SSTR types 1,2,3 and 5, while SSTR4 was 
detected in a small minority. -Due to the good correlation between RT-PCR and IHC data 
on SSTR types 2, 3, and 5, thirty-five additional GEP endocrine rumors were studied with 
IHC alone. Pancreatic insulinomas had an heterogeneous SSTR expression, while 100% 
of somatostatinomas expressed SSTR5 and 100% gastrinomas and glucagonomas 
expressed SSTR2. Pre-opcrative biopsy material showed an overlapping 
immunoreactivity with that of surgical specimens, suggesting that the SSTR status can be 
detected in the diagnostic work-up. It is concluded that SSTRs 1-5 are heterogeneously 
expressed in GEP endocrine tumors and that IHC is a reliable tool to detect SSTR types 
2, 3 and 5 in surgical and biopsy specimens. 
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P-cadlierin overexpression is an indicator of clinical outcome in invasive 
breast carcinomas and is associated with CDH3 promoter 
hypomcthylation. 

Paredes J , Albergaria A, Oliveii a JT . Jcronimo C . Milanczi F . Schmitt PC . 

[nstitute of Pathology and Molecular Immunology of Porto University (IPATIMUP) 
Braga, Portugal, jparedes@ipatimup.pt 

PURPOSE: P-cadherin overexpression has been reported in breast carcinomas where it 
was associated with proliferative high-grade histological tumors. This study aimed to 
analyze P-cadherin expression in invasive breast cancer and to correlate it with tumor 
markers, pathologic features, and patient survival. Another purpose was to evaluate the P- 
cadherm promoter methylation pattern as the molecular mechanism underlying this eene 
regulation. EXPERIMENTAL DESIGN: Using a series of invasive breast carcinomas P- 
cadhenn expression was evaluated and correlated with histologic grade, estrogen 
receptor, MIB-1 , and p53 and c-erbB-2 expression. In order to assess whether P-cadherin 
expression was associated with changes in CDH3 promoter methylation, we studied the 
methylation status of a gene 5'-flanking region in these same carcinomas. This analysis 
was also done for normal tissue and for a breast cancer cell line treated with a 
demethylating agent. RESULTS: P-cadhenn expression showed a strong correlation with 
lugh histologic grade, increased proliferation, c-erbB-2 and p53 expression, lack of 
estrogen receptor, and poor patient survival. This overexpression can be regulated by 
gene promoter methylation because the S-Aza^'-deoxycytidme treatment of MCF-7/AZ 
cells increased P-cadherin mRNA and protein levels. Additionally, we found that 71% of 
P-cadhenn-negative cases showed promoter methylation, whereas 65% of positive ones 
were unmethylated (P = 0:<>05). The normal P-cadherin-negative breast epithelial cells 
showed consistent CDH3 promoter methylation: CONCLUSIONS: P-cadherin expression 
was strongly associated with tumor aggressiveness, being a good indicator of clinical 
outcome. Moreover, the aberrant expression of P-cadherin in breast cancer might be 
regulated by gene promoter hypomethylation. 

PMID: 1611 5928 [PubMed - in process] 



Related Articles, Links 



Mammary-derived growth inhibitor protciu and messenger ribonucleic 
acid concentrations in different physiological states of the gland. 

Politis h Gorcwit RC MuUcr T, Grossc R . 

Department of Animal Science, Cornell University, Ithaca 14853. 

Expression of mammary-derived growth inhibitor in tissue from iactating and involuting 
bovine mammary glands was investigated. Seventeen Iactating, pregnant (220 to 272 d in 
gestation) cows were divided in two groups of 8 and 9 cows each. Cows of the first group 
were slaughtered while in lactation. Cows of the second group (9 involuting cows) .were 
slaughtered at 13 to 52 d following sudden cessation of milking. High concentrations of 
mammary-derived growth inhibitor (.63% of the total protein) were detected in mammary 
tissue of Iactating cows. Mammary-derived growth inhibitor (less than . 1 0% of the total 
protein) was dramatically reduced during most of the involution period (13 to 45 d 
following cessation of milking). Mammary-derived growth inhibitor was again detected 
(.28% of the total protein) during the last stage of the involution (46 to 53 d after 
cessation of milking), which coincided with colostrum formation. When steady state 
concentrations of mammary-derived growth inhibitor mRNA were examined, the results 
obtained mirrored those obtained at the protein concentration. These data suggest that 
regulation of mammary-derived growth inhibitor occurs via modulation of the steady 
state concentration of its mRNA. Furthermore, there is a strong correlation between 
mammary-derived growth inhibitor expression and lactation in dairy cows. 
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T-cell receptor V beta-family usage in primary cutaneous and primary 
nodal T-cell non-Hodgkin's lymphomas. 

^cesmanAH , HjlHZ, TjiajujsJSlG, deGeusB, Schuurman HJ R ei tsma R, van 
Wichea DF, vanVloten WA de Weger RA ~ " — 

Department of Pathology, University Hospital Utrecht, The Netherlands. 

To evaluate whether the expression of T-cell receptor (TCR) V beta families in eight 
cases of malignant T-cell lymphomas took place in a preferential manner, we analyzed 
four cases of mycoses fungoides (MF), the most common form of primary cutaneous T- . 
cell non-Hodgk.n's lymphomas (NHL), and four cases of primary nodal T-cell NHL The 
usage of V beta fam.lies in T-cell populations was investigated on mRNA that was ' 
, transcribed to cDNA using a C beta primer and reverse transcriptase. Subsequently the 
specific usage of the families was analyzed by polymerase chain reaction (PCR) usine 
comb.nat.ons of the selected C beta-oligonucleotide primer and one of the family-specific 
V beta primers. Peripheral blood lymphocytes from four healthy volunteers and 1 
reactive lymph node served as a control and expressed all 20 V beta families tested for 
In T-cell lines, with restricted V beta expression, and in three patients with advanced MF 
only one.or two V beta families were expressed at the mRNA level. In an early MF lesion 
mis monoclonal expression was absent: several V beta families were expressed with a 
weak intensity, This may indicate either a polyclonal origin of MF, or that too few 
monoclonal neoplastic cells were present in the tissue specimen. In the four nodal T-cell 
NHL, only one family could be clearly distinguished, whereas some of the other V beta 
families showed only a weak expression. These latter families represent the reactive T- 
cell component in die nodal T-cell NHL. Both in nodal T-cell NHL and in MF there was 
no preferential expression of a particular V beta family. There was a good correlation 
between PCR data and the expression of V beta-family protein products observed by 
immuMhistodiemistry on tissue sections of the T-cdl jymphomas. All T-cell lines, three 
cases of MF, and three cases of nodal T-cell NHL showed a rearrangement of the TCR 
beta chain on DN A level. 
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Matriliu-3 iu.humau articular cartilage: increased expression iu 
osteoarthritis. 

PjJUgjO, Wcscloli C . Matt AR . Wagcner R. Svvoboda B . 

Division of Orthopaedic Rheumatology, Department of Orthopaedics, University of 
Erlangen-Nuremberg, Rathsberger Str. 57, D-91054 Erlangen, Germany. 
oliver.pullig@med.uni-erlangen.de 

OBJECTIVE: Matriiin-3 is a member of the recently described matrilin family of 
extracellular matrix proteins containing von Willebrand factor A-Iike domains. The 
matriiin-3 subunit can form homo-tetramers as well as hetero-oligomers together with 
subunits of matrilin- 1 (cartilage matrix protein). It has a restricted tissue distribution and 
is strongly expressed in growing skeletal tissues. Detailed information on expression and 
distribution of extracellular matrix proteins is important to understand cartilage function 
. in health and in disease like osteoarthritis (OA). METHODS: Normal and osteoarthritic 
cartilage were systematically analysed for matrilin-3 expression, using 
immunohistpchemistry, Western blot analysis, in situ hybridization, and quantitative 
PCR. RESULTS: Our results indicate that matrilin-3 is a mandatory component of 
mature articular cartilage with its expression being restricted to chondrocytes from the 
tangential zone and the upper middle cartilage zone. Osteoarthritic cartilage samples with 
only moderate morphological osteoarthritic degenerations have elevated levels of 
matrilin-3 mRNA. In parallel, we found an increased deposition of matrilin-3 protein in 
the cartilage matrix. Matrilin-3 staining was diffusely distributed in the cartilage matrix 
with no cellular staining being detectable. In cartilage samples with minor osteoartliritic' 
lesions, matriIm-3 deposition was restricted to the middle zone and to the upper deep 
zone. A strong correlation was found between enhanced matrilin-3 gene and protein 
expression and the extent of tissue damage. Sections with severe osteoartliritic 
degeneration showed the highest amount of matrilin-3 mRNA, strong signals in in situ 
hybridization, and prominent protein deposition in the middle and deep cartilage zone. 
CONCLUSION: We conclude that matrilin-3 is an integral component of human articular 
cartilage matrix and that the enhanced expression of matrilin-3 in OA may be a cellular 
response to the modified microenvironment in the disease. Copyright 2002 OsteoArthritis 
Research Society International. 
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Up-regulation of mitochondrial peripheral benzodiazepine receptor 
expression by tumor necrosis factor alpha in testicular lcydig cells. 
Possible involvement in cell survival. 

RexC, Maaduit C , Naureils O , Benahmcd M Louisot P , Gasnier F . 

INSERM U. 189, Faculte de Medecine Lyon-Sud, BP12, 69921 cedex, Oullins, France. 

Porcine Lcydig cells in primary cultures are resistant to tumor necrosis factor alpha 
(TNFalpha) cytotoxicity. Here we report that these cells can be rendered sensitive to 
TNFatpha killing by treatment with the translational inhibitor cycloheximide, suggesting 
the existence of proteins that can suppress the death stimulus induced by the cytokine. In 
search of these cytoprotective proteins, we focused on the constituents of the 
mitochondrial permeability transition pore (PT pore), whose opening has been shown to 
play a critical role in the TNFalpha-mediated death pathway. We found that TNFalpha 
up-regulated mRNA and protein expression of the mitochondrial peripheral 
benzodiazepine receptor (PBR), an outer membrane-derived constituent of the pore. A 
strong correlation was established between the resistance of the cells to TNFalpha killing 
and the density of PBR-binding sites. Concomitantly, TNFalpha down-regulated BcI-2 
mRNA and protein expression. As Bcl-2 has been shown to be an endogenous inhibitor 
of the PT pore, we hypothesize that the TNFalpha-induced up-regulation of PBR 
expression may compensate for the decrease in Bcl-2 levels to prevent the opening of die 
PTpore. 
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GLUTl messenger RNA and protein induction relates to the malignant 
transformation of cervical cancer. 

Rndlovvski C . Becker AJ, Schroder W , Ratli VV , Duttner R , Moser M. 

Dept of Gynecology and Obstetrics, University Hospital Heidelberg, Vossstr 7-9, D- 
69 115 Heidelberg, Germany. 

We studied whether induction of glucose transporters (GLUTs) t to 4 correlates with 
human papillomavirus (HPV)-dependent malignant transformation of cervical epithelium. 
Tissue samples of cervical intraepithelial neoplasia (CfN; grades 1 to 3), invasive 
carcinomas, and lymph node metastasis were examined. HPV typing was performed. 
Tissue sections were immunostained with GLUTl to GLUT4 antibodies. Messenger 
RNA (mRNA) in situ hybridization confirmed GLUTl protein expression. Weak 
expression of GLUTl was found in nondysplastic HPV-positive and HPV-negative 
epithelium; significant expression was observed in preneoplastic lesions, correlating with 
the degree of dysplasia. In CIN 3 high-risk HPV lesions, cervical cancer, and metastasis, 
GLUTl was expressed at highest levels with a strong correlation of GLUTl mRNA and 
protein expression. Imrriunostains for GLUT2 to GLUT4 were negative. Cervical tumor 
cells respond to enhanced glucose utilization by up-regulation of GLUTl . The strong 
induction of GLUTl mRNA and protein in HPV-positive CIN 3 lesions suggests GLUTl 
overexpression as an early event in cervical neoplasia. GLUTl is potentially relevant as a . 
diagnostic tool and glucose metabolism as a therapeutic target in cervical cancer. 
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Expression and distribution of laminin alphal and alpha2 chaius in 
embryonic and adult mouse tissues: an immunochemical approach. 

SasaMXGdt^ 

Max-Planck-lnstitute for Biochemistry, Martinsried, D-82152, Germany. 

Protein levels, mRN A expression, and localization of laminin alphal and alpha2 chains in 
development and m adult mice were examined. Recombinant fragments were used to 
obtain high-titer-specific polyclonal antibodies for establishing quantitative 
radioirnmuno-inhibition assays; This often demonstrated an abundance of alpha2 chain, 
but also distinct amounts of alphal chain for adult tissues. The highest amounts of alphal 
were found in placenta, kidney, testis, and liver and exceeded those of alpha2. All other 
tissue extracts showed a higher content of alpha2, which was particularly high in heart 
and muscle when compared to alphal. Content of gammal chain, shared by most 
laminins, was also analyzed. This demonstrated gammal chain levels being equal to or 
moderately exceeding the sum of alphal and alpha2 chains, indicating that these isoforms 
represent the major known laminin isoforms in most adult mouse tissues so far examined. 
Moreover, we found good correlation between radioirnmuno-inhibition data arid raRNA 
levels of adult tissues as measured by quantitative real-time reverse transcriptase-PCR. 
Embryonic tissues were also analyzed by radioirnmuno-inhibition assays. This 
demonstrated for day 1 1 embryos comparable amounts of alphal and gammal and a 
more tfian 25-fold lower content of alphaZ This content increased to about 10% of 
alphal in day 13 embryos. The day 18 embryo showed in heart, kidney, and liver, but not 
yet in brain and lung, alphal/alpha2 chain ratios comparable to those in adult tissues. 
Immunostaining demonstrated alphal in Reichert's membrane (day 7.5), while alpha2 
could not be detected before day 1 1 .5. These data were compared with 
immunohistochemical localization results on several more embryonic and adult tissue 
sections. Our results regarding localization are consistent with those of earlier work with 
some notable exceptions. This was in part due to epitope masking for monoclonal 
antibodies commonly used in previous studies in esophagus, intestine, stomach, liver, 
kidney, and spleen. 
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Discordant regulation of granzyme H and grauzyme B expression in 
human lymphocytes. 

Sedelies KA, Sayers TJ . Edwards KM , Chen W. Pcilicci DG / Godfrey PI Trapani 
JA. 

Cancer Immunology Laboratory, Peter MacCallum Cancer Centre, Locked Bag 1, 
A'Beckett Street, East Melbourne, 8006, Australia. 

We analyzed the expression of granzyme H in human blood leukocytes, using a novel 
monoclonal antibody raised against recombinant granzyme H. 33-kDa granzyme H was 
easily detected in un fractionated peripheral blood mononuclear cells, due to its high 
constitutive expression in CD3(-)CD56(+) natural killer (NK) cells, whereas granzyme B 
was less abundant. The NK lymphoma cell lines, YT and Lopez, also expressed high 
granzyme H levels. Unstimulated CD4(+) and particularly CD8(+) T cells expressed far 
lower levels of granzyme H than NK cells, and various agents that classically induce T 
cell activation, proliferation, and enhanced granzyme B expression failed to induce 
granzyme H expression in T cells. Also, granzyme H was not detected in NK T cells, 
monocytes, or neutrophils. There was a good correlation between mRNA and protein 
expression in cells that synthesize both granzymes B and H, suggesting that gzmH gene 
transcription is regulated similarly to gzniB. Overall, our data indicate that although the 
gzinB and gzmH genes are tightly linked, expression of the proteins is quite discordant in 
T and NK cells. The finding that granzyme H infrequently more abundant than granzyme 
B in NK cells is consistent with a role for granzyme H in complementing the pro- 
apoptotic function of granzyme B in human NK cells. 
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BCL2 protein expression parallels its niRNA level in normal and 
malignant K cells. 

Slien Y , Iqbal J , Huang JZ , Zhou G , Chan WC . 

Department of Pathology and Microbiology, University of Nebraska Medical Center, 
Omaha, USA. 

The regulation of B-cell lymphoma 2 (BCL2) protein expression in germinal center (GC) 
B ceils has been controversial. Previous reports have indicated posttranscriptional 
regulation plays a dominant role. However, a number of recent studies contradicted these 
reports. Using real-time polymerase chain reaction (PCR) and Standardized Reverse 
Transcriptase- PCR (StaRT-PCR), we measured the level of mRNA expression in GC, 
mantle zone (MNZ), and marginal zone (MGZ) cells from laser capture microdissection. 
Both quantitative RT-PCR measurements of microdissected GC cells from tonsils 
showed that GC cells had low expression of BCL2 transcripts commensurate with the 
low protein expression level. These results are in agreement with microarray studies on 
fluorescence-activated cell sorter (FACS)-sorted cells and microdissected GC cells. We 
also examined BCL2 mRNA and protein expression on a series of 30 cases of diffuse 
large B-cell lymphoma (DLBCL) and found, in general, a good correlation. The results 
suggested that BCL2 protein expression is regulated at the transcriptional level in normal 
B cells arid in the neoplastic cells in most B-cell lymphoproliferative disorders. 
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Quantitative determinations of the steady state transcript levels of 
hexokinase isozymes and glucose transporter isoforms in normal rat 
tissues and the malignant tumor cell line AH130. 

Shinohnra Y, Yamamoto K . InooK, Yamazaki N. Terada H . 

Faculty of Pharmaceutical Sciences, University of Tokushima, Japan. 
yasuo@ph.tokushima-u.ac.jp 

The steady state transcript levels of the four hexokinase (HK) isozymes and four glucose 
transporter (GLUT) isoforms were determined quantitatively by Northern analysis of 
. RNA samples from rat tissues using synthetic fragments of the RNAs encoding the HK 
isozymes and GLUT isoforms. Results showed that the levels of HK isozyme transcripts 
were low in rat tissues, the level of that most highly expressed, the type I isozyme (HKI) 
in the brain being 0.025% of the total poly(A)+ RNA. A good correlation was found ' 
between the reported HK activities and the total amounts of transcripts encoding all HK 
isozymes in various tissues, showing that the HK activities in tissues can be estimated 
from the total amount of transcripts encoding HK isozymes. The proposed associated 
expressions of HK isozymes and GLUT isoforms in particular tissues were confirmed at 
their transcript levels. The steady state transcript levels of type I[ HK and the type I 
GLUT isoform in the malignant tumor cell line AH1 30 were also determined 
quantitatively. 
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UYA irradiation-induced activation of activator protein- 1 is correlated 
with induced expression of AP-1 family members in the human 
kcratinocytc cell line HaCaT. 

Silvers At, Bowdea GT . 

Department of Radiation Oncology, Arizona Cancer Center, The University of Arizona, 
Tucson 85724, USA. 

To determine whether the transcription factor activator protein-! (AP-1) could be 
modulated by ultraviolet A (UVA) exposure, we examined AP-l DNA-binding activity 
and transactivation after exposure to UVA in the human immortalized keratinocyte cell 
line HaCaT. Maximal AP-I transactivation was observed with 250 kJ/m2 UVA between 
3 and 4 h after irradiation. DNA binding of AP-l to the target 12-0- 
tetradecanoylphorbol- 13 -acetate response element sequence was maximally induced 1-3 
h after irradiation. Both de novo transcription and translation contributed to the UVA- 
induced AP-I DNA binding. c-Fos was implicated as a primary component of the AP-l 
DNA-binding complex. Other components of the complex included Fra-2, c-Jun, JunB 
and JunD. UVA irradiation induced protein expression of c-Fos, c-Jun, Fra-1 and Fra-2. 
. Phosphorylated forms of these induced proteins were determined at specific time points. 
A strong correlation existed between UVA^induced AP-l activity and accumulation of c- 
Fos, c-Jun and Fra-1 proteins. UVA irradiation also induced c-fos and c-jun mRNA 
■ expression and transcriptional activation of the c-fos gene promoter. These results 
demonstrate that UVA irradiation activates AP-l and that c-fos induction may play a 
critical role in the response of these human keratinocytes to UVA irradiation. 
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Rat kidney glutamyl ainiaopeptidase (aminopeptidase A): molecular 
identity aud cellular localization. 

Song L , YcM, Troyaaovskaya M, WilkE, WilkS, Hcaly OP . 

Department of Pharmacology, Mount Sinai School of Medicine, City University of New 
York, New York 10029. 

Glutamyl aminopeptidase [aminopeptidase A (EAP), EC 3.4.1 1 ,7] is an ectoenzyme that 
selectively hydrolyzes acidic amino acid residues from the amino terminus of 
oligopeptides. EAP activity is highest within the kidney and small intestine. The murine 
pre-B cell BP-1/6C3 and the human kidney glycoprotein gpl60 differentiation antigens 
have been reported to have biochemical properties indistinguishable from EAP. It is not 
known, however, if rat kidney EAP is a homologue of these antigens or molecularly 
distinct. Using the reverse transcription-polymerase chain reaction method with 
oligonucleotide primers based on the BP-1/6C3 nucleotide sequence, we isolated a 450- 
bp partial cDNA from rat kidney poly(A)+ RNA. The partial cDNA encoded a predicted 
protein tfiat was 92% and 86% identical to the murine BP-1/6C3 and human gp 160 
antigens, respectively; the amino acid sequence within the zinc-binding domain was 
completely conserved. Purification of EAP from rat kidney and microsequence analysis 
of a cryptic digest peptide fragment ( 1 8-mer) indicated that the fragment was highly 
similar to a region within the BP-1/6C3 and gpl60 proteins. Northern blot hybridization 
and immunoblot analyses were also consistent with labeling of products the same size as 
reported for the BP-1/6C3 and gpl60 antigens. There was a good correlation between the 
cellular distribution of EAP mRNA and EAP immunoreactivity, with proximal tubules 
. and glomerular mesangial cells having the highest densities. These results indicate that 
rat kidney EAP is a species homologue of the murine BP-1/6C3 and human gpl60 
antigens. Furthermore, on the basis of its cellular localization, rat kidney EAP is likely to 
be involved in degradation of oligopeptides within the glomerulus and the glomerular 
filtrate. Since cells that express EAP also express receptors for angiotensin II, an 
intrarenal vasoactive hormone that is a substrate for EAP, these results further suggest 
that EAP may play a role in modulating the activity of intrarenal angiotensin II. 
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Tumor necrosis factor-alpha upregulatcs (he prostaglandin E2 EP1 
receptor subtype and the cycIooxygcuasc-2 isoform in cultured amnion 
WISH cells. 

Spaziani EP , Bcnoit RR , Tsibris JC , Gould SF , O'Brien WF . 

University of South Florida Health Science Center, Department of Obstetrics 8c 
Gynecology, Tampa 33612, USA. espa2ian@c0ml.rned.usf.edu 

Recent studies have demonstrated a strong correlation between infection and preterm 
labor. Preterm delivery is also associated with high levels of cytokines and prostaglandins 
in amniotic fluid. The purpose of this study was to investigate the effect of tumor necrosis 
factor-alpha (TNF-alpha) on die levels of cyclooxygenase, prostaglandin E2 production 
(PGE2), and expression of the PGE2 receptor subtype EP 1 in amnion WISH cell culture. 
Amnion WISH cell cultures were incubated in increasing concentrations of TNF-alpha 
(0-50 ng/ml). Changes in.cyclooxygenase and EPl receptor proteins were evaluated by 
Western blot analysis. Changes in EPl mRNA were evaluated by Northern blot, and 
culture fluid concentrations of PGE2 were estimated by enzyme immunoassay (ELA). 
-EPl protein (p<0.01), EPl mRNA (p<0.05), cyclooxygenase-2 (COX-2) protein 
(p<0.001), and PGE2 concentrations (p<0.0l) all increased with increasing 
concentrations of TNF-alpha. Changes in COX- 1 protein were not observed following 
TNF-alpha-incubation. The results suggest that TNF-alpha may play a role in infection- 
induced preterm labor by its pleiotropic ability to simultaneously stimulate COX-2 
activity, PGE2 concentrations, and PGE2 EPl receptor levels in human amnion. 
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Transcriptional activity of potent glucocorticoids: relevance of 
glucocorticoid receptor isoforms and drug metabolites. 

Sptka I, HamrncrS. KJeuser C , Korting HC S chafer- Korting M . 

Institut fur Pharmazie, Abteilung fur Pharmakologie und Toxikologie, Freie Universitat 
Berlin, Berlin, Germany. 

As compared to standard glucocorticoids (GC), prednicarbate (PC) is favorable in the 
treatment of eczema due to its high benefit/risk ratio. The remarkable anti-inflammatory 
effects of PC are in strong contrast to its reported low glucocorticoid receptor (GR) 
binding affinity. In transfected COS-7 cells we related the transcriptional potencies of 
PQ its metabolites and conventional GC to their receptor binding properties. Moreover, 
the expression pattern of the human GR isoform hGRalpha and its mutual dominant 
negative inhibitor hGRbeta in skin cells have been investigated as well as the influence of 
hGRbeta on receptor binding and transactivation. hGRalpha mRNA and protein was 
largely overexpressed in skin cells. hGRbeta showed no influence on hGRalpha binding 
and transactivation. Concentration response curves indicated the greater transactivation 
potency of betamethasone 17-valerate followed by dexamethasone and prednisolone 17-. 
ethylcarbonate. Native PC appeared almost as. potent as dexamethasone. With both a 
strong correlation was observed between transactivation and GR binding. Copyright 2003 
S. larger AG, Basel 
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Specific inhibition of AQPl water channels in isolated rat intrahepatic bile 
duct units by small interfering RNAs. 

Splinter PL , Masyuk AT , LaRusso NF . 

Center for Basic Research in Digestive Diseases, Division of Gastroenterology and 
Hepatology, Mayo Medical School, Clinic, and Foundation, Rochester, Minnesota 55905 
USA. 

Cholangiocytes express water channels (i.e. aquaporins (AQPs)), proteins that are 
increasingly recognized as important in water transport by biliary epithelia. However, 
direct functional studies demonstrating AQP-mediated water transport in cholangiocytes * ■ 
are limited, in part because of the lack of specific AQP inhibitors. To address this issue, 
we designed, synthesized, and utilized small interfering RNAs (siRN As) selective for 
AQP I and investigated their effectiveness in altering AQP I -mediated water transport in 
intrahepatic bile duct units (iBDUs) isolated from rat liver. Twenty-four hours after 
transfection of IBDUs with siRNAs targeting two different regions of the AQP 1 
transcript, both AQP1 mRNA and protein expression were inhibited by 76.6-92.0 and 
57.9-79.4%, respectively. siRNAs containing the same percent of base pairs as the 
AQP 1 -siRNAs but in random sequence (i.e. scrambled siRNAs) had no effect. 
Suppression of AQPl expression in cholangiocytes resulted in a decrease in water 
transport by IBDUs in response to both an inward osmotic gradient (200 mosm) or a 
secretory agonist (forskolin), the osmotic water permeability coefficient (P(f)) decreasing 
up to 58.8% and net water secretion (J(v)) decreasing up to 87%. A strong correlation 
between AQPl protein expression and water transport in IBDUs transfected with AQP 1 - 
siRNAs was consistent with the decrease in water transport by IBDUs resulting from 
AQPl gene silencing by AQP I -siRNAs. This study is the first to demonstrate the 
feasibility of utilizing siRNAs to specifically reduce the expression of AQPs in epithelial 
cells and provides direct evidence of the contribution of AQPl to water transport by 
biliary epithelia. 
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Type IV coHagcnase (M(r) 72,000) expression in human prostate: benign and 
malignant tissue. 

Stearns ME , Wang M. 

Department .of Pathology, Medical College of Pennsylvania, Philadelphia 19129. 

The expression of type IV collagenase (M(r) 72,000) has been examined in tissues from patients 
with benign prostatic hyperplasia (6 patients) and varying Gieason grades of malignant prostate 
cancer (18 patients). Immunoperoxidase labeling indicated that expression of the type IV 
collagenase was weak or nonexistent in benign tissue but consistently strong in the glandular and 
ductal epithelial cells of prostate tumors diagnosed at Gieason grades 1-8. In moderate to 
advanced cancer (i.e., Gieason grades 2 to 8), invasive tumor foci in the stromal tissue produced 
relatively modest amounts of type IV collagenase. The normal stromal tissue (i.e., fibroblasts) 
uniformly failed to produce detectable levels of type IV collagenase in the 24 patients examined. 
Northern and quantitative slot blot hybridization assays demonstrated that collagenase type IV 
rnRNA levels were low in benign tissue and high in malignant tumors. In contrast, the stromal 
cells did not express significant amounts of type IV collagenase mRNA. Enzyme-linked 
immunosorbent assays demonstrated that the amounts of type IV collagenase protein correlated 
directly with the mKNA levels in the tumor tissue. The studies suggest that type IV collagenase 
may be selectively overexpressed by malignant, preinvasive prostatic epithelial cells. 
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The decompensated detrusor III: impact of bladder outlet obstruction on 
sarcoplasmic endoplasmic reticulum protein and gene expression. 

Stein R,' Gong C. Hutcheson JC Canning DA, Zderic SA . 

Division of Urology, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, 
USA, 

PURPOSE: Regulation of calcium ion homeostasis lias a significant role in smooth 
muscle contractility. The sarcoplasmic endoplasmic reticulum, calciuirii magnesium, 
adenosine triphosphatase (SERCA) is a regulatory ion pump that may have a role in the 
functional outcome after outlet obstruction. We investigate what correlation if any existed 
between SERCA protein and gene expression, and the contractile properties in the same 
bladder. MATERIALS AND METHODS: Standardized partial bladder outlet 
obstructions were created in adult New Zealand white rabbits, which were divided into, 
control, sham operated and obstructed groups. Muscle scrip studies subcategorized the 
obstructed group into compensated (force greater than 50% of control) and 
decompensated (force less than 50% of control). Microsomal membrane and total RNA 
fractions were prepared from the same bladder tissue. Membrane proteins were used for 
. Western blot analysis using a SERCA specific monoclonal antibody, and total RNA was 
assessed with Northern blot analysis. RESULTS: The relative intensities of signals for 
the Western and Northern blots demonstrated a strong correlation between protein and 
gene expression. Furthermore there was a strong association between the loss of SERCA 
messenger RNA and protein expression and loss of bladder function. CONCLUSIONS: 
Bladder contractility after outlet obstruction is influenced in part by smooth muscle cell 
ability to maintain calcium homeostasis via SERCA, The loss of SERCA protein 
expression is mediated by down-regulation in gene expression in the same bladder. These 
data suggest that smooth muscle ion pump gene expression is in part mechanically 
(pressure work) regulated. 
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TNF-alpha and IL-8 are upregulated in the epidermis of normal human 
skin after UVB exposure: correlation with neutrophil accumulation and E- 
selectin expression. 

Strickland L Rhodes LE , Flanagan BF , Priedmann PS . 

Department of Dermatology, University of Liverpool, United Kingdom. 

The in vivo response to ultraviolet B (UVB) radiation iri skin is characterized by the 
accumulation of both mononuclear and polymorphonuclear cells within the dermis and an 
induction of vascular endothelial adhesion molecules. Epidermal production of cytokines 
(IL-8 and TNF-alpha) has been strongly implicated in the development of UVB -induced 
inflammation. In the current study, we examined the time course of IL-8 and TNF-alpha 
mRNA and protein expression in the epidermis over a 24-h period after in vivo UVB 
irradiation. Also, the induction of adhesion molecule expression and the accumulation of 
neutrophils within the dermis were followed. We found constitutive expression of both 
cytokines (mRNA and protein) in the epidermis of unirradiated skin. IL-8 was rapidly 
upregulated after irradiation and mRNA and protein increased at 4 h, reaching a 
maximum between 8 and 24 h. TNF-alpha mRNA and protein was minimally increased 
by 8 h after UVB irradiation and reached a maximum by 24 h. No significant alteration in 
ICAM-1 or VCAM-t expression was observed. E-selectin expression, which was absent 
from control samples, was increased from 4 h onward. and also reached a maximum at 24 
h, coinciding with peak neutrophil accumulation. A strong correlation (r = 0.96) was 
found between number of E-selectin-positive vessels and numbers of infiltrating 
neutrophils at this time. Moreover, because E-selectin expression was increased before 
any apparent increase in TNF-alpha protein (4 h), TNF-alpha does not appear to be 
involved in the early induction of the adhesion molecule, but cytokines such as TNF- 
alpha and IL-8 may act subsequently to augment the inflammatory response. 
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Basic fibroblast growth factor expression is increased in human renal 
fibrogenesis and may mediate autocrine fibroblast proliferation. 

StrnteF, ZeisbergjYI, HcmmerJein B . SattlerB, Hummel K , Becker V , Muller GA . 

Department of Nephrology and Rheumatology, Georg-August-University Gottingen, 
Germany. fstrutz@gwdg.de 

BACKGROUND: Interstitial fibroblasts play a critical role in renal fibrogenesis, and 
autocrine proliferation of these cells may account for continuous matrix synthesis. Basic 
fibroblast growth factor (FGF-2) is mitogenic for most cells and exerts intracrine, 
autocrine, and paracrine effects on epithelial and mesenchymal cells. The aims of the 
present studies were to localize and quantitate the expression of FGF-2 in normal and 
pathologic human kidneys and to study the in vitro effects of FGF-2 on proliferation, 
differentiation, and matrix production of isolated cortical kidney fibroblasts. METHODS: 
FGF-2 protein expression was localized by immunofluoresence double labelings in 
normal and fibrotic human kidneys. Subsequently, interstitial FGF-2 labeling was 
determined semiquantitative^ in 8 normal kidneys and 39 kidneys with variable degrees 
of interstitial fibrosis and was correlated with the morphometrically determined 
interstitial cortical volume, hi addition, FGF-2 expression was quantitated by immunoblot 
analysis in three normal and six fibrotic kidneys. FGF-2 mRNA was localized by in situ 
hybridizations. Seven primary cortical fibroblast lines were established, and expression of 
FGF-2 and FGF receptor-] (FGFR-1) were examined. The effects of FGF-2 on cell 
proliferation were determined by bromodeoxyuridine incorporation and cell counts, those 
on differentiation into myofibroblasts by staining for alpha-smooth muscle actin, and 
those on matrix synthesis by enzyme-linked immunosorbent assay for collagen type 1 and 
fibronectin. Finally, proliferative activity in vivo was evaluated by expression of M1B-I 
(Ki-67 antigen). RESULTS: In normal kidneys, FGF-2 expression was confined to 
glomerular, vascular, and a few tubular as well as interstitial fibroblast-Iike cells. The 
expression of FGF-2 protein was increased in human kidneys, with rnbulointerstirial 
scarring correlating with the degree of interstitial fibrosis (r= 0.84, P < 0.01). 
Immunoblot analyses confirmed a significant increase in FGF-2 protein expression in 
kidneys with interstitial scarring. Jn situ hybridization studies demonstrated low-level 
detection of FGF-2 mRNA in normal kidneys. However, FGF-2 mRNA expression was 
robustly up-regulated in interstitial and tubular cells in end-stage kidneys, indicating that 
these cells are the source of excess FGF-2 protein. Primary cortical fibroblasts express 
FGF-2 and FGFR-I in vitro. FGF-2 induced a robust growth response in these cells that 
could be blocked specifically by a neutralizing FGF-2 antibody. Interestingly, the 
addition of the neutralizing antibody alone did reduce basal proliferation up to 31.5%. Jn 
addition, FGF-2 induced expression of alpha-smooth muscle actin up to 1 .6- fold, but no 
significant effect was observed on the synthesis of collagen type 1 and fibronectin. 
Finally, staining for MJB-1 revealed a good correlation of interstitial FGF-2 posiiivity 



with interstitial and tubular proliferative activity (r = 0.71, P <^0.01 for interstitial 
proliferation, N - 30). CONCLUSIONS: Interstitial FGF-2 protein and mRNA 
expression correlate with interstitial scarring. FGF-2 is a strong mitogen for cortical 
kidney fibroblasts and may promote autocrine fibroblast growth. Expression of FGF-2 
correlates with interstitial and tubular proliferation in vivo. 
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Adiposity elevates plasma MCP-1 levels leading to the increased CD1 lb- 
positive monocytes in mice. 

Takahashi K, MizuaraiS. Araki H , IMashiko S . Ishiliara A, Kanatani A Itadani H 
Kotani H . ' ' 



Banyu Tsuknba Research Institute in collaboration with Merck Research Laboratories 
Tsukuba, Ibaraki 300-261 1, Japan. 

Obesity is currently considered as an epidemic in the western world, and it represents a 
major risk factor for life-threatening diseases such as heart attack, stroke, diabetes, and 
cancer. Taking advantage of DNA microarray technology, we tried to identify the' 
molecules explaining the relationship between obesity and vascular disorders, comparing 
mRNA expression of about 12,000 genes in white adipose tissue between normal, high ° 
fat diet-induced obesity (DIO) and d-Trp34 neuropeptide Y-induced obesity in mice. 
Expression of monocyte chemoattractant protein-1 (MCP-1) mRNA displayed a 7.2-fold 
increase in obese mice as compared with normal mice, leading to substantially elevated 
MCP-1 protein levels in adipocytes. MCP-1 levels in plasma were also increased in DIO 
mice, and a strong correlation between plasma MCP-1 levels and body weight was 
identified. We also showed that elevated MCP-1 protein levels in plasma increased the 
CD1 lb-positive monocyte/macrophage population in DIO mice. Furthermore, infusion of 
MCP-1 into lean mice increased die CD-I lb-positive monocyte population without 
inducing changes in body weight. Given the importance of MCP-l in activation of 
monocytes and subsequent atherosclerotic development, these results suggest a novel role 
of adiposity in the development of vascular disorders. 
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Augmented expression of neuronal nitric oxide synthase in the atria 
parasympathetically decreases heart rate during acute myocardial 
infarction in rats. 

Takimoto Y, Aovama T , Tanaka K , Kcyamura R , YiUY, Sasayama S . 

Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan. 

BACKGROUND: Nitric oxide (NO) synthesized within sinoatrial cells recently has been 
shown to participate in the autonomic control of heart rate. We hypothesized that NO in 
the neuronal cells in the heart was increased and parasympathetically regulated heart rate 
after myocardial infarction (MI). METHODS AND RESULTS: We examined heart rate 
dynamics and neuronal NO synthase (nNOS) expression and activities in the atria of rats 
with MI 1, 3,7, and 14 days after MI (n=7 to 22 for each group). Both the'mRNA levels 
of nNOS in the atria determined by competitive reverse transcriptase-polymerase chain 
reaction and the protein levels determined by Western blotting were significantly 
increased compared with controls 1,3, and 7 days after ML nNOS activity in the atria 1 
day after infarction was also increased in MI rats. nNOS immunoreactivity was observed 
in nerve fibers in the atria. After infusion of a specific inhibitor of nNOS and iNOS, l-(2- 
trifluoromethylphenyl) imidazole (TRIM) (50 mg/kg I V), heart rate was significantly 
(P<0.01) increased in MI rats compared with controls.!, 3, and 7 days after ML The 
iNOS-specific inhibitor, 1400W (10 mg/kg SC), did not significantly affect the heart rate 
in rats with ML The effect of TRIM was abolished by pretreatment. with L-arginine (25 
mg/kg IV) or by parasympathetic blockade with atropine but not by propranolol. There 
was a strong correlation (r=0.837, P<0\0001) between the nNOS protein expression and 
heart rate change after TRIM infusion. CONCLUSIONS: These results indicate that 
increased nNOS parasympathetically decreased heart rate via the production of NO in 
rats with acute ML 
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Differential up regulation of cellular adhesion molecules at the sites of 
oxidative stress iu experimental acute pancreatitis. 

IcIckG, Ducroc R, ScoazecJY . Pasquier C . Fcldmami O R oze C . 

INSERM U 410, Uiiiversite Paris 7 Denis Diderot, 75870 Paris, France. 

BACKGROUND: Severe acute pancreatitis (AP)(2) is associated with exaggerated 
leukocyte adherence and activation. Endothelial cellular adhesion molecules (CAMs) can 
be induced by cytokines, but also directly by oxygen free radicals (OFRs), mediated by 
nuclear factor kappa-B (NF-kappa B). We investigated die behavior of inducible CAMs 
in relation to pancreatic oxidative stress. Our novel modification of cerium capture 
histochemistry (reaction of OFRs widi cerium produces laser reflective Ce perhydroxide 
precipuates) combined with reflectance confocal laser scanning microscopy (CLSM) 
allows the histological codemonstration of in vivo OFR production and immunolabeled 
CAMs, or NF-kappa B. METHODS: Taurocholate AP was induced in rats- sham 
operated and normal animals served as controls. To achieve in situ, in vivo reaction of 

/TT* T^.?™*' anima ' S W6re perfused With CcCl W solution at different Xime points 
U, Z, 8, M h) and then sacrificed. E-selectin, P-selectin, ICAM-1, VCAM and NF-kappa 

p65 were Iabelecl b V immunofluorescence (IF) on frozen sections of cerium perfused 
pancrcata. IF and Ce perhydroxide reflectance were simultaneously detected by CLSM 
Pancreatic gene expression of the same CAMs was quantified by competitive RT-PCR 
(MIMIC internal control). RESULTS: Control pancreata showed negligible reflectance 
and nurumal CAM expression. Early (1, 2 h) AP samples were characterized by intense 
heterogeneous acmar OFR production, strong P-selectin, and increasing ICAM 
expression, with nuclear translocation of p65, histologically all colocalizing with the 
areas of acinar ox.dative stress. Adherent polymorphonuclear leukocytes (PMNs) 
displayed weak OFR formation. Later (8, 24 h), a slowly declining P-seleetin but 
persisting ICAM-1 expression, was paralleled by widespread adherence of PMNs 
producing surprisingly large amounts of OFRs. VCAM and E-selectin showed a mild 
increase at 24 h. CAM gene activation was in good correlation with the protein 
expression, CONCLUSIONS: The early acinar oxidative stress is colocalized with NF- 
kappa B activation, preferential P-selectin, and ICAM upregulation in this AP model 
Subsequently, adherent, activated PMNs become the major source of OFRs thereby 
contributing to tissue damage. Copyright 2001 Academic Press. . 
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Myotonic dystrophy: an unstable CTG repeat in a protein kinase gene. 
Timchenko L . Monckton DG , Caskey CT . 

Department of Molecular and Human Genetics, Baylor College of Medicine, Texas 
Medical Center, Houston 77030, USA. 

Myotonic dystrophy (DM) is caused by the amplification of CTG repeats in the 3* 
untranslated region of a gene encoding a protein homologous to serine/threonine protein 
kinases. In DM patients the CTG repeats are extremely unstable, varying in length from 
patient to patient and generally increasing in length in successive generations. There is a 
strong correlation between the size of the repeats and the age of onset and severity of the 
disease. The molecular basis of the effect of the CTG expansion on the development of 
the DM phenotype continues to be investigated. The first working hypothesis of the 
molecular mechanism of DM was a reduction in steady-state myotonin-protein kinase 
(Mt-PfC) mRNA and protein levels. However, although the consensus finding is that the 
Mt PK mRNA and protein levels are decreased in DM patients, it is still not clear if this 
reduction leads directly to the DM phenotype. In this short review we discuss the 
molecular aspects of CTG instability and the expression of the myotonin-protein kinase 
gene in normal and DM populations. 
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Induction of class 3 aldehyde dehydrogenase in the mouse hepatoma cell 
line Hepa-1 by various chemicals. 

Torroncn R , Korkalaine'n M . Karenlampi SO . 

Department of Physiology, University of Kuopio, Finland; 

The mouse hepatoma cell line Hepa-l was shown to express an aldehyde dehydrogenase 
(ALDH) isozyme which was inducible by TCDD and carcinogenic polycyclic aromatic 
hydrocarbons. The induced activity could be detected with benzaldehyde as substrate and 
NADP as cofactor (B/NAD'P ALDH). As compared with rat liver and hepatoma cell 
lines, the response was moderate (maximally 5-fold). There was an apparent correlation 
between this specific form of ALDH and aryl hydrocarbon hydroxylase (AHH) in the 
Hepa-1 wild-type cell line-in terms of inducibility by several chemicals. However, the 
magnitude of the response was clearly smaller for ALDH than for AHH. Southern blot 
analysis showed that a homologous gene (class 3 ALDH) was present in the rat and 
mouse genome. The gene was also expressed in Hepa-l and there was a good correlation 
between the increase of class 3 ALDH-specific mRNA and B/NADP ALDH enzyme 
activity after exposure of the Hepa-1 cells to TCDD. It is concluded that class 3 ALDH is 
. inducible by certain chemicals in the mouse hepatoma cell line, although the respective 
enzyme is not inducible in mouse liver in vivo. 
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Relationship between cyclin Dl and p21(Wafl/Cipl) during differentiation 
of human myeloid leukemia cell lines. 

UHmannova V , Stockbauer P , Hradcova M , Soucek J , Haskovec C . 

Department of Molecular Genetics, Institute of Hematology and Blood Transfusion, U 
Nemocnice I, 128 20 Prague-2, Czech Republic, uli man@uJikt.cz 

Expression of cell cycle-regulating genes was studied in human myeloid leukemia cell 
lines ML-1 , ML-2 and ML-3 during induction of differentiation in vitro. 
Myelomonocytic differentiation was induced by phorbol ester (12-o-Tetradecanoyl- 
phorbol-1 3-acetate, TP A), tumor necrosis factor alpha (TNFaipha) or interferon gamma 
([NFgamma), or their combination. Differentiation (with the exception of TNFaipha 
alone) was accompanied by inhibition of DN A synthesis and cell cycle arrest. Inhibition 
of proliferation was associated with a decrease in the expression of cdc25A and cdc25B, 
cdk6 and Kj-67 genes, and with increased p21(Wafl/CipI) gene expression, as measured 
by comparative RT-PCR. Expression of the following genes was not changed after 
induction of differentiation: cyclin Al, cyclin D3, cyclin El and p27(Kipl). Surprisingly, 
cyclin DI expression was upregulated after induction by TP A, TNFaipha with 
IFNgamma or BA. Cyclin D2 was upregulated only after induction by BA. The results of 
the expression of the tested genes obtained by comparative RT-PCR were confirmed" by 
quantitative real-time (RQ) RT-PCR and Western blotting. Quantitative RT-PCR showed 
as much as a 288-fold increase of cyclin Dl specific mRNA after a 24h induction by 
TPA. The upregulation of cyclin Dl in differentiating cells seems to be compensated by 
the upregulation of p21(Wafl/Cipl).These results, besides others, point to a strong 
correlation between the expression of cyclin Dl and p21(Wafl/Cipl) on the one hand 
and differentiation on the other hand in human myeloid leukemic cells and reflect a rather 
complicated network regulating proliferation and differentiation of leukemic cells. 
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Intestinal carbamoyl phosphate synthase I in human and rat. Expression 
durmg development shows species differences and mosaic expression in 
duodenum of both species. 

Van Bee, s EH ; RjngsEH, PosthumaG, Dingemanse MA t^uni,.. ia Hermans 
HS, Einerliand AW BulkrHA, DckkerT^ Q12«JA, . Hermans 

Pediatric Gastroenterology and Nutrition, Department Pediatrics, Emma Children's 
Hospital, Academic Medical Center, Amsterdam, The Netherlands. 

t?me!iSll mPOrtailCe ? f Catbam ° yl Ph ° Sphate Synth3Se 1 ( CPSI ) re,ates to ^ opacity 
to metabolize ammonia, because CPSI deficiencies cause lethal serum ammonia levels 

^Zt?r C r, P 8 "™*** concerning liver and intestinal CPSI have been ' 
reported, the extent to which enterocytes contribute to ammonia conversion remains 
oTt ZX r 3 deSCripti ° n of its d -elopme„tal and spatial expression 

lTr ™~ f° re ' temllned 016 Pattems of enterocytic CPSI mRNA and protein 
expres ,on m human and rat intestine during embryonic and postnatal development using 
in itu hybnd.zat.on and .mmunohistochemistry. CPSI protein appeared during huma, 

n t?STl S ""! " ^ 3 '" 35 a d - (embry ° niC dayS) " ef0re iine < 59 e ^ = -s 
in ra CPSI de ect.on ,n m.estme (at 16 e.d.) preceded liver (20 e.d.). During all stages of 

devdopment there was a good correlation between the expression of CPSI prote S 

cZ^^Trlt epitheHUm - StriJdng,y > d — xnterocytes in botfspecies 
exlub ted mosaic CPSI protein expression despite uniform CPSI mRNA expression in the 
epithelium and the presence of functional mitochondria in all epithelial cells. Unlike rat 
- M " lmm ™ emhr y° s was expressed in liver before intestine. Although CPSI was ' 

SuTden m C on T * "* ^ ptiona! leve «> CPSI protein appeared rntaic in the 
duodenum of both species, possibly due to post-transcriptional regulation. 
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Expression of deoxycytidine kinase in leukaemic cells compared with solid 
tumour cell lines, liver metastases and normal liver. 

vaader Wilt CL, Kroep JR, Loves WJ . RotsMG, Van Groenineen C.T T Kaspers GJ. 
Peters GJ . 

Department of Medical Oncology, VU University Medical Center, Amsterdam, The 
Netherlands. 

Deoxycytidine kinase (dCK) is required for the phosphorylation of several 
deoxyribonucleoside analogues that are widely employed as chemotherapeutic agents. 
Examples include cytosine arabinoside (Ara-C)arid 2-chlorodeoxyadenosine (CdA) in 
the treatment of acute myeloid leukaemia (AML) and gemcitabine to treat solid tumours. 
In tin's study, expression of dCK mRNA was measured by a competitive template reverse 
transcriptase polymerase chain reaction (CT RT-PCR) in seven cell lines of different 
histological origin, 16 childhood and adult AML samples, 10 human liver samples and 1 1 
human liver metastases of colorectal cancer origin. The enzyme activity and protein 
expression levels of dCK in the cell lines were closely related to the mRNA expression 
levels (r=0.75, P=0.026 and r=0.86, P=0.007). In AML samples, dCK mRNA expression 
ranged from L 1 6 to 35.25 (x l 0(-3)xdCKA>eta-actin). In the cell line panel, the range was 
2.97-56.9 (x 1 0(-3)xdCK/beta-aclin) of dCK mRNA expression. The enzyme activity in 
liver metastases was correlated to dCK mRNA expression (r=0.497, P=0.05). In the liver 
samples, these were not correlated. dCK mRNA expression showed only a 36-fold range 
in liver while a 1 50- fold range was observed in the liver metastases. In addition, dCK 
activity and mean mRNA levels were 2. 5- fold. higher in the metastases than in the liver 
samples. Since dCK is associated with the sensitivity to deoxynucleoside analogues and 
because of the good correlation between the different dCK measurements in malignant 
. cells and tumours, the CT-RT PGR assay will be useful in the selection.of patients that 
can be treated with deoxycytidine analogues. 
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Expression of cytokines and growth factors in human 
gloinerulonephritides. 

Waldherr R , Noronha IL , Niemir Z , Kruger C , Stein H , Stumm G . 
Department of Pathology, University of Heidelberg, Germany. 

Numerous experimental studies point to the potential role of cytokines and growth factors 
in the pathogenesis of renal disease. However, from the various autocrine and paracrine 
mediators identified in vitro and in animal models, so far only a few have been 
demonstrated in selected human glomerulopathies. We examined two types of 
glomerulonephritis (GN): extracapillary GN with anti-neutrophil cytoplasmic . 
autoantibodies (ANCA), an example of an acute form of GN, and mesangial Tg A GN, 
usually a chronic form of GN, with immunocytochemistry, in situ hybridization and the 
polymerase chain reaction. Normal renal tissue from tumour nephrectomies served as a 
control. In ANCA-positive GN with active renal lesions (crescents, glomerular and 
vascular necrosis), infiltrating mononuclear cells in glomeruli and in the interstitium 
expressed interleukin (IL)-l beta, tumour necrosis factor (TNF)-alpha, IL-2, interferon 
(IFN)-gamma, platelet-derived growth factor (PDGF) and transforming growth factor 
(TGF)-beta. Cytokine expression was also observed in activated resident cells, including 
endothelial cells, capsular epithelial cells, smooth muscle cells of vessel walls, fibroblasts 
and some tubular epithelial cells. In addition, we noted an increase in the cytokine and 
growdi factor receptors TNF-R, IL-1R type II, IL-2R, IFN-gamma R and PDGF beta-R^ 
In contrast, in mesangial IgA-GN, IL-1 beta, TNF-alpha, IFN-gamma arid IL-2 were 
usually absent in glomeruli. Mesangial expansion in this disorder was accompanied by an 
increased expression of PDGF, PDGF beta-R, TGF-beta and IL-6 in mesangial areas. In 
both conditions a good correlation was observed between cytokine expression.at the 
mRNA (in situ hybridization) and protein level (immunocytochemistry).( ABSTRACT 
TRUNCATED AT 250 WORDS) 
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Malignant transformation of the human endometrium is associated with 
overcxpression of lactoferrin messenger RNA and protein. 

Wahner OK, Padin CJ . Wrona MA , Healy BE , Bentley RC Tsao MS . KolilcrMF 
McLacldan JA . Gray KD 

Department of Obstetrics and Gynecology, Duke University Medical Center, Durham 
North Carolina 27710. 

In the mouse uterus, lactoferrin is a major estrogen-inducible uterine secretory protein, 
and its expression correlates directly with the period of peak epithelial cell proliferation. 
In this study, we examine the expression of lactoferrin mRNA and protein in human 
endometrium, endometrial hyperplasias, and adenocarcinomas using 
immunohistochemistry, Western immunoblotting, and Northern and in situ RNA 
hybridization techniques. Our results reveal that lactoferrin is expressed in normal 
cycling endometrium by a restricted number of glandular epithelial cells located deep in 
the zona basalis. Two thirds (8 of 12) of the endometrial adenocarcinomas examined 
overexpress lactoferrin. This tumor-associated increase in lactoferrin expression includes 
an elevation in the mRNA and protein of individual cells and an increase in the number 
of cells expressing the protein, hi comparison, only. 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in lactoferrin. We also observe distinct 
cytoplasmic and nuclear irhmunostaining patterns under different fixation conditions in 
both normal and malignant epithelial cells, similar to those previously reported. in the 
mouse reproductive tract: Serial sections of malignant" specimens show a good correlation 
between the localization of lactoferrin mRNA and protein in individual epithelial cells by 
in situ RNA hybridization and immunohistochemistry. Although the degree of lactoferrin 
expression in the adenocarcinomas did not correlate with the tumor stage, grade, or depth 
of invasion in these 12 patients, there was a striking inverse correlation between the 
presence of progesterone receptors and lactoferrin in all 8 lactoferrin-positive 
adenocarcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed. with menstruation and is 
frequently overexpressed by progesterone receptor-negative cells in endometrial 
adenocarcinomas. 
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Malignant Transformation of the Human Endometrium Is Associated with 
Overexpression of Lactoferrin Messenger RNA and Protein 

David K. Walmer, 1 Cheryl J. Podiu, Mark A. Wrona, Bridget E. Healy, Rex C. BcDtley, Miug-Souod Tsao, 
Matthew F. KohJer, John A. McLachJao, and Karen D. Gray 
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ABSTRACT 

In the mouse uterus, lactoferrin is a major estrogeo-induciblt uterine 
secretory protein, and its expression correlates directly wilb tbe period of 
peak epithelial tell proliferation. In this study, we examine tbe expression 
of lactoferrin mRNX find protein in human endometrium, endometrial 
hypoplasias, and adenocarcinomas using immun ©histochemistry, West- 
ern Smmunoblolling, and Norjfhcrn and in situ RNA hybridixarion *ech- 
niqoes. Our results reveal I bat lactoferrin is expressed in normal cycling 
endometrium by s restricted number of glandular epithelial cells located 
deep in tbe iodb basalts. Two thirds (8 of 12) of tht endometrial adeno- 
carcinomas examined over express lactoferrin. This tumor- associated in- 
crease in iBdoferrio expression includes an elevation in tbe mRXA and 
protein of individual cells and an increase In tbe number of cells express- 
ing tbe protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in bctoferrin. We also 
observe distinct cytoplasmic and nuclear immunosUdning patterns under 
different fixation conditions in both normal and malignant epithelial cells, 
similar to those previously reported in tbe mouse reproductive tract- 
Serial sections of malignant specimens show a good corrclaiion between 
the focaJiutioB of lactoferrin mRNA and protein in individual epithelial 
cells by in situ RNA hybridization and immun ©histochemistry. Although 
the degree of lactoicrrin expression in the adenocarcinomas did not 
correlate with ibr tumor stage, grode, or depth of invasion in these 12 
patients, there was a striking inverse correlation between tbe presence of 
progesterone receptors and lactoferrin in all 8 lac iofrrrin-pow live adeno- 
carcinomas. Id summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstru- 
ation and is frcoutntfy over expressed by progesterone receptor- negative 
cells in endometrial adenocarcinomas. 



INTRODUCTION 

The uterus is a sex steroid- responsive organ that plays a majoi ioJc 
in wotdcd's htajlh. Hysterectomies wcic the most frequently pej- 
fortDcd major surgical procedures in a 20-year study interval 
(1965-1984; Ref. 1> Fifty-eight to 80% of ;hese 12.5 million 
procedures were performed for estrogen-related disorders of prolifer- 
ation. Chronic unopposed estrogen exposure, roost commonly asso- 
ciated wirh type II ovulatory disorders, eventually leads to the devel- 
opment of complex end oioe trial hyperplasia ami adenocarcinoma. 
Since the sex steroids, csuogen and progesterone, act on theit iarget 
tissues by regulating the expression of a wide variety of signaling 
molecules, identifying these regulatory factors will provide critical 
iniormaiion lowards unde islanding normal reproduction and repro- 
ductive tract pathology. Our cur i cm know ledge of estrogen and pro- 
gesterone action on tbe reproductive tract is based 10 a great era lent on 
information collected fiorn lodcms (2). AJihough differences exist 
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between me. reproductive physiology oX rodents and bnroans,, the 
mouse bas been a useful do odd for studying steroid horrooDC action in 
Ibe human female reproductive tract (3, 4). One potential regulatory 
molecule shewn to be regulated by estrogen in the mouse reproductive 
tiact is Iaclo/errin. lactoferrin is a basic glycoprotein with an extraor- 
dinarily high aifonity fox uon that was originally discovered in mflk. 
This protein is expressed in a wide variety of tissues, most notably to 
poly morpbonucJ tar leukocytes and. roost mammalian exocrine gbin- 
dulai secretions. In the mammary gland (5) and tbe female reproduc- 
tive tract of the mouse (6-8), laciofexrii) is regulated by endocrine 
hormones. Prolactin stimulates lactoferrin synthesis in the breast; 
whereas in the uterus and vagina, tbe ovarian scot steroid, 170- 
estradiol, is tbe inducer. (6, 7, 9). To date, lactoferrin is one of the few 
genes that have beeii identified in the rodent that are directly regulated 
by estradiol. The lactoferrin gene contains an ERE 2 that is important 
for regulating its expression in vivo in "tht mouse reproductive tract . 
Being linked to estradiol, the expression of lactoferrin by the uterine 
epithelium parallels the onset of DNA synthesis. Although sequencing 
information suggests that the human lactoferrin gene also contains a 
fuDCOonal imperfect ERE in the 5'-flanJring promoter region (10, 1\\ 
there is very Jjtile data rcgaiding lactoferrin expression in the human 
female reproductive tract. 

The purpose of our study was to examine the expression of lacto- 
ferrin in the human endometrium under normal and pathological 
conditions by irnmuDohistocbemistry, imrnunoblotling, and Northern 
and in situ RNA hybridization techniques. In addition, we looked for 
correlations between lactoferrin cxpjession and several parameters, 
such as the stage of the menstrual cycle, the distribution of esUogcD 
and progesterone receptors, HER-2/neu expression, markers of cell 
proliferation, and the histopathological grade and extent of myome- 
trial invasion in the adenocarcinomas. Our data demonstrates that 
lactoferrin is expressed in a very restricted number of glands in the 
basal region of normal human endometrium and is markedly overex- 
pressed in a significant number of the uterine adenocarcinomas by 
PR- negative cells. 



MATERIALS AN1) METHODS 

Tissue JYrpa ration ond Histological Eva) ua lion. Surgical paibology 
specimens wcjt obtained tjom Duke University Medical Ctnirr (Durham, NC) 
and ibe Drpajimeni of Faibology zt MODbcal Geoeial Hospital (Quebec. 
Momje^l. Czr.zili), Cycling endcnjctiium was obtained from 22 women (age* 
31-49). and atrophic rudomtirium was obtained bom 7 postmenopausal 
women (ages 64-77). Hysre>ecioime:> bora cycling womto weit performed 
for subic/osal leiomyomas (n = 6). pelvic iclaxatioD (n = 6), pelvic pai" 
(« = j>eiitone3l tndomcuiosis (n = 2), aod cancti of eidir.i the cxvccrvrs 
(n "= J) or ihr ovaiy (n = }). In addition, 12 adtnocaicincroas, j i typical 
complex hyperplasias, 5 cociplex bypcrrjlasiai wjiboui aiypia, and 4 iimplc 
hypoplasia w f*c analy2td. Esch human uttnis bivaJved sbo;tJy af ul 
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hysterectomy, and endomeuram was removed from the fundal region. A full 
Sickness biopsy was placed into either 10% neutral-buffered forma) in or 
BoiuVs solution overnight at jooid temperature before dehydration, paraffin 
embedding, and sectioning at 4 on sitani2ed slides. Histological evalua- 
tions of hematoxylin and eoshvstained slides were performed blindly by one 
bofljd-ccniCtd pathologist. Normal endometrial samples were dated by the 
criteria of Noyes ct oL (32). Endometrial hyperplasias and carcinomas were 
classified according to ihe c uncut recommendations, of the Internationa) 
Society of Gynecological Pathologists under the auspices of WHO (13)- 
His^JoE* 03 ^ Biding Of tumors was performed according to Federation Inter- 
nation ale dts Gynecologist es el Obstetrisies criteria (14). Each specimen was 
icad a minim urn of thiee tiroes, and only specimens thai were read consistently 
the same way were included in the study. Unstained sections of the same 
tissues wcie used foj the cytochcmical analysis of protein and mRNA expres- 
sion using specific reagents. A few endometrial samples weie frozen for 
subsequent protein and RNA extr action, which wtje evaluated by Western and 
Northern blotting, respectively. AJJ human tissues were handled with ibe 
precautions and the guidelines required by Dulte University and National 
Instiruie of Environinenta) Health Sciences. 

JmmunoJOCnKiab'on- Sb'des chosen for study were deparaffiniztd and 
rinsed »d 20% glacial acetic add at 4"Cfor 15 s to inhibit endogenous alkaline 
phosphatase. All subsequent incubations and washes were at room tempera- 
ture. Sections were next equilibrated in PBS for 20 min and incubated for 20 
min with 1.5% normal goat serum d3med in PBS to block nonspecific binding. 
Detection of lactofcrrin was performed primarily with a rabbit anti-human 
lactoferrin polyclonal anlisera generated in our laboratory and affinity purified. 
Similar results were also seen with a non affinity-purified commercial a nostra 
(Biogcncx, San Ramon, Ca). Following incubation at room temperature witb 
primary antisera for 60 min, the sections were washed in PBS twice for 10 miu 
each, and lactofcrrin was localized using an aUtalint phosphalasc-biotin- 
snepiavIdJn detection system (Vectasiain ABC-AP kit: Vector Laboratories. 
Burlingame, CA; oi the Super Sensitive Detection System: Biogenex, San 
Ramon, CA). To identify nonspecific staining, pre immune rabbit serum was 
used in place of ibe primary antibody. The immunoreaclion was quant ilated by 
determining ihe per cent age of glands and iht percentage of cells sraining for 
laciofeniD in the 2ona basal is and the 2ona function alis, with a minimum of 
300 ceils counted in each region. PR antibody was provided by Geoffrey 
Greene (KD66), and- a commercial iou/ce was also used (Hiogenex, San 
Ramon, CA). Identical staining patterns were confirmed with boih prepara- 
tions. Other commercia try obiained amber? include PCNA (Biogenex, San 
Ramon, CA), ER (ERJD5; AMAC, Wesibrook, MaX M1B-1 (AMAQ, and 
HER-2/neu (Biogenex, Sap Ramon, CA). The primary anlisera incubatioDS 
were 2 b for the PR, ] b for PCNA : M1B-1. and ER, and 30 min for 
HER-2/neu. Antisera dilutions were 1:100 Jor .M1B-) and 1:20 for HER-Ztoru. 
. Antigen reuirval (Biogenex, San Ramon, CA) was performed before adding 
ihe pjogesterone primary amisera. 

West err* Blot Analysis. Proteins weje extracted bom endometrial biopsies 
by bomogemxation on ice in 1% Triibn-X and 20 dim Tris-HO (pll 7.4) with 
pot ease inhibitors 00 ng/ml leuptpiin. 200 KU/rol aprotinin, and 20 p-g/ml 
phenylroeibylsuJJonyl fluoride) and clarified by centnfugstion at 45,000 rpm 
for 30 min in a Bcckman 70.1 Ti roior: then rhe supernatant was analyzed for 
protein concentration by the BCA protein assay (Pierce, RotVford, IL). Ali- 
quots of 200 ^ig wcit separated by electrophoresis on an 8 _3% SDS polyac- 
'jlamide gel, blotted onto nwoccDulose membranes, incubated with poly- 
clonal rabbit aniihuman Jsctoferrin antisera, and localized with an ,7? J- labeled 
donJcej anti- rabbit imrounoglobubn, s.* riescjibed previously (7). 

in Siru Hybridization. All slides were pre treated with 02 N HO for 30 
min at room temper Brore, digesied wjib J pp/ml proteinase- K (Sigma Chem- 
ical Co v St. Louis. MO) in 0.1 m Tiis-HG (pK 7.4VO.05 EDTA for )5 min 
at 37*C, and then treated with 0.J W H)ttbanobmuje-0-2: % aceiic anhydride 
for I min ai. room temperature and 0.1 M Tris-glvcine (p)J 7.4) ior 30 min at 
loom temperature. The scciions vcrr *ubscqurnily dehydrated with graded 
'ih?nol. air dried, and pitbybridhcd a' 50"C for ) b in 2 > SSC 10 riM DTT, 
- > Dtnhajdi'i .solution, 100 ye/ml of boib 5 3lmon ipcrm DNA and ye ail 
iRNA, and 509o fpnnamide (15). The slides were then hybridized overnight at 
^0'C in the same medium with )0% dtstian sulfate and 2^10* q>m->l of the 
iprrific RNA probe. The Iscto/eirin oligonucleotide p;o6e was a*nplif>rd by 
1'CR urinp primers that i pinned nucleotides 718-165*1 (10) anil cloned into 
pC<r/.M-4?.. "S-bhfled it use am) aniitt-nsr RNA pjobr: wtie made with the 

1 ) 



Pr omega Riboprobe tit (Promeea, Madison, Wi), washed twice in 1 X SSC for 
10 mm ai room temperature, digested witb RNase [2.8 >g/ml RHasc-A, 03 
Mg /ml RNase-Tl, 10 mw Tris-HO (pH 7.4), and 15 mM .Naa)» and washed 
again with 1 X SSC twice for 20 min each time at 50*C, twice for 20 to 
OJ X SSC at 55°C, and once for 20 bud at «r*C The sections were then 
dehydrated and dipped- in Kodak autoradiographic cmnUion (NTB-2) f« 
dejection of specific mRNA expression. The slides were allowed to develop for 
2 weeks. After this period, the slides were developed using Kodak T>\9 
developer and Kodak Rapid Fixer. 

Northern RNA Analysis. Total cellular RNA was purified from froien 
tissue by the guaiudinc isolhiocyaDete-cesium chloride method, and polyf^A"^ 
RNA was isolated by o)igo<dT>cellulose chromatography using methods 
described previously (15). For Northern blot analysis, rx>ly(A*>RNA*was 
resolved by electrophoresis on \5% formaldehyde agarose gels, stained witb 
etbidium bromide, and transferred to a nylon membrane. The membrane wbs 
probed with a ^P-labeled lactoferrin cDNA derived horn human uterus (no- 
ejeoiides 718-1654; accession no. S52659) using PCR techniques, followed 
by cloning into pGEM-42 (Promega, Madison, WI). In order to i'nsrac thai the 
quality and quantity of RNA analyzed by Northern blotting was equivalent 
between control and treated groups, the Mot was probed simultaneously for 
gJyceraldehydc-3-pbosphaie dehydrogenase. 

. Statistical Analysis. Values are presented as means i SD. Differences 
between the zona basalis and functionalis .were tested by the two-tailed 
Student's r test • 

RESULTS 

lmmunohistochemical Analysis of LscloferriD Protein 

Norma) Cycling Endometrium. ImjntJDohistocbeiDipl studies of 
normal cycling human endometrium localize lactoferrin protein pre- 
dominantly lo the glandular epithelium deep in the zona basalis and 
not to the functionalis (Fig, 1A). The association of lactofcrrin protein 
expression with the zona basalis is statistically significant. (P < 0.001; 
Fig. 2). Two to 56% of the glands express lactoferrin; at any given time 
during the menstrual cycle. M'ithin positive glands, lactoferrin protein 
immunolocalization is heterogeneous in that positively staining epi- 
thelial cells are interspersed with cells negative for lactoferrin expres- 
sion. No apparent differences in morphology, PCNA, ER, or PR 
expression are seen to account for the heterogeneous pattern of intra- 
and inter gland lactoferrin expression in normal endometrium. Similar 
to our previous findings in mouse uterine epithelial cells, the positive- 
staining glandular cells of the human endometrium demonstrate two 
distinct immunostaining patterns foj lactofcrrin, cytoplasmic and nu- 
clear {Fig. W\ seen with both formalin aod BouiVs fixation. )n 
evaluating the temporal expression of lactoferrin, there is a trend 
towards more glands expressing lactoferrin during the secretory 
phase. Because of the large variance, the ttend is not statistically 
significant. As expected, the polymorphonuclear leukocytes in the 
endometrium also stain intensely for lactoferrin protein, which is 
stored in their secondary granules (Fig. 3). These results demonstrate, 
for ibe first time, that lactoferrin ptotein is expressed in tbe human 
endometrium predominately by polymorphonuclear leukocytes and 
epithelial cells of glands located deep in the 20na basalis. 

ProJiffr alive Endometrial Disorders: Hyperplasias and Adeno- 
carcinomas. Irnniunohistochemijiry reveals that the expression of 
teaoifJJVj pjr-trjz i* inof^rd in 66.6% (Sot J 2) nf }hc endrwetrjaJ 
adenocarcinomas examined. In one- half of these cases (4 of 12), 
laciolerrio is intensely expressed by malignant epithelial cells 
ihjoueJtout the entire tumors (Fig. 4). The other (our adenocarcinomas 
demonstrate tncie ased Flaming for lactofeirin in concentrated rcsrons 
of the tumors. In all tight cases where bctoienin expression is 
elevated, the cells expressing lactoferrin have one similarity ^"itf-J 
r>c7TD3l positive glands in that they demonstrate heterogeneous siam- 
ing of inlets poised positive and negative cells. However, the expres- 
sion ol iact of trim by the malignant cdls clt-a.-ly differs from normal 
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Fig, J. Localization ol Jadofenin piotein in normal 'cycling endometrium by immo- 
* norrisiocbemisuj using » specific polyclonal antibody. Our analysis reve»ls thai lacloJ- 
• tmo protein b present' in » limited number of glands located in the jona bsstlis ol tbe 
cndomcDittro MJt x 1°- Also, note that lactoferrin is betcrof encous within positive 
f lands, /.r, cells staining few laciofenin we inlcnpeiscd wiih neg»iivc-siaining cpitbclifil 
cells throughout the £l»nd. Two immunoMjiocbcmical staining pHteras arc noted lot 
lactofcrrin in normal uterine epithelium. In one patient, lactofenin protein is immunoJo- 
calized piimarily over the cytoplasm (B J\ and in tbc otbci, tbe staining is seen ovtr the 
nudtos (B2); X 40. 

positive glands in lhal ibe lactoferrin is ool limited lo ibe basal regions 
of tbe tumors, many more cells are positive, and ibe ie J alive intensity 
of Ibe staiDing ovei individuals cells is increased. Although increased 
Jactoferrin expression is associaled wilb malignant transformation, we 
do not find a correlation between laciofenin protein presence and ibe 
stage, nuclear, grade, Federation Internationale des Gynccologistes el 
Obsictristes grade, or tbc depth of myometria! invasion in ibe 12 
tumors studied (Tabic J). In sharp contrast to tbe common deregu- 
lation of Jactoferrin expression found id tbe malignant endometrium, 
only J of ]0 endometrial hyperplasia specimens evaluated contained 
an increased number of cells staining foi Jactoferrin. The hyperplastic 
specimen over expj ess ing hciofemn was read as complex without 
atypia. 

hi Shu and Northern Analyses of Lac t of err in roRNA 
Expression in Normal and Malignant Endometrium 

To fun her our unde; standing of !bc location of laciofenin protein 
synthesis in the human endometrium, we examined laciofenin mRNA 
expression by in shir and Noribem hybrid 12 at ion using specific 33 S- 
labeled probes for human lactolenin. No detectable RNA bybridiza- 
lion is observed in the norma) endometrium by in jiiu bybiidiration, 
even in the presence ol iromunodeieciable protein, usins equivalent 
hybn'di2ithon conditions and deve Joprneni times as used for the ade- 
nocarcinomas. Consilient with the results obtained by in situ hybrid- 
ization, long exposure times were .required to demons 11 ate laciofenin 
mRNA in noimaJ endometrium by Northern blot ti>ing poJy(A"*)- 
mRNA. This indicates that laciofenin rnRNA is picsrni in' normal 



tissue but in very low levels, consistent with tbe very limited pattern 
of protein expression in normal endometrium. Equivalent RNA load- 
ing and quality fox each specimen was demonstrated by etbidiuro 
bromide staining of the RNA gels (data not shown) and by probing for 
the housekeeping gene glyccraJdebydeo-phospbate dehydrogenase 
tbat does not fluctuate significantly with the metabolic state of the 
(issue. A representative Northern Wot is shown in Fig. 5. In situ 
hybridization with several adenocarcinomas reveals thai there is a 
direct correlation between the Ionization of lactoferrin mRNA and 
tbe immunos taming of expressed Jactoferrin protein (Fig. 4). Lactof- 
errin mRNA is nol associated with polymorphonuclear leukocytes by 
in sint hybridization in either normal or roaHgnant tissue. - 

Western Blot Analysis 

To confirm the specificity of tbe antisera tbat we used for immi> 
nODJStocnerDrstry, we perform ed* Western blot aoa/ysrs on proteins 
extracted from both normal and malignant endometrium which were 
separated by 8.5% SDS-polyacryJ amide gel electrophoresis (Fig. 6), 
Jmmunobloning identified a single broad protein band with a molec- 
ular weight between 70 f 000~ 80,000 in both normal and neoplastic 
endometrial tissue bornogenates, consistent with tbe reported molec- 
ular weight of human laciofenin. Supporting the imjnunocyiocbemi- 
cal analysis, a representative iramunoblot clearly demonstrates; tbat 
tbe proportion of protein lhal is laciofenin is markedly increased u> 
tbe adenocarcinomas in comparison to the normal endometrium. Tbe 
molecular weight of laaoferrin in the adenocarcinomas appears to 
have a slightly higher molecular weight that the predominant form in 
normal tissue. 



Basalts HHH Functionalis 




Proliferative Late Secretory 



J~ig. ?. Ptrcemacc ol r mlorocj na t rlantfe cjiprcsiing iMnolcrrii* piottin by imDiuno- 
hisioi.be miMr*. Sipiiftcant)/ mote ;lir»di arc positive m the irgion of ibe jom bisjl» 
than in the j linn ionomnili) of ih( rruiomeiinmi (f * 0.001). 2xn& basalis. B; zu»» 
(unriionatii. SS Allluwfb rbrrc h a UtDit to* aids D>«c ol the bainlis stands tXp»*M» n £ 
laticftnin in ibt ;fortor> pbajt (liftii B imnpJitd ^itli tin Uh 9), »bu »•>•' nC * 
M>iistk^fII v iipnilif.nni. 
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Fig. 3. Polyroorphonoclci; Jtokocyiti (ono-j) art scattered througboui ihc endome- 
trium and Main inicnseiy loi \2c10tcrnn. Lacio/cnin is > fcnovm component ol* ibe 
wtonduy granulti in polyruoiphonuttm leukocyiti. Tht pnsence erf » sc gone n ltd 
nucleus »r»d Ucioftmo pioitin h >n cxcelltnt method for idtniifj'iog ibis group of 
bflsmmBtory cells. X 20. fl, X &0. 



Correlation of Lactoferrin Expression with tbc Expression of 
PCNA, Ki-67, HEJt-2/»fu, ER, and PR 

In an attempt to characterize ihc phenorype of endometrial cells 
which expjess laciofenin, we pejformed irorounohistocbemistry on 
serial sea ions for the Ki-67 antigen, PCNA, HER-2/nru, laciofenin, 
ER, and PR. In normal tissue, Ki-67 and PCNA expression are cell 
cycle-specific marker* of cell proliferation (16, 37). Upon analysis of 
normal cycling endometrium, no relationship between laciofejrin pro- 
tein expression and ER, PK, or Ki-67 expression was observed. 
Similaily, id most of the adenocarcinomas evaluated, no relationship 
w a$ noted between laciofenin and PCNA piotein expression. How- 
f v ei. in one adenocarcinoma (Fig. 7), ihere was a dear inverse 
'elationship.secn between lactoferrin and PCNA IocaJi2aiion, which 
w fli present throughout the entire tumor. Most diamatic, however, was 
> sif iking inverse conflation seen between laciofenin and PR expres- 
sion in 8 of 8 PR-pnsilive ulciine adenocarcinomas (rig. 7). Two 
tumors negative for PR also did not express lactoferrin. Although an 
invciic correlation was also su££cMcc wiih HER-Z'nrr/ and PR, flic 
iDvtise correlation was moie precise with lactoferrin in ibesc turnois. 

DISCUSSION 

In the mouse uterus, laciolrrriii is an estrogrn- induced uterine 
itciriory protein thai is present throughout »hr epithelium (7), and it 
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is expressed concomitantly with epithelial cell proliferation. In con- 
trast to laaofeiriVs ubiquitous expression in tbc estrogeDi2ed mouse 
uterine epithelium, Jacioferrin protein is limited to glandular epithelial 
cells in the basal regions of DOrroaJ human endometrium and usually 
to glands thai were direcdy adjacent to the myometrium (ic p the 
deepest glands of the zona basalis). This itfponal localization of 
lactoferrin . expression is not surprising in thai other biochemical 
. parameters have been reported to show site specificity in primate 
endometrium. These parameters include tbe proliferative index and 
the expression of the secretory component of IgA (18). Similar to our 
observations in the endometrium, lactoferrin is also expressed region- 
ally in the mammary gland. In bovine breast tissue, lactoferrin is 
localized primarily to the basal alveolar cells (19); whereas in human 
breast tissue, the ductal epithelium appears to be ibe primary source of 
secreted laciofenin during Jactation (20). 

Examining the endometrium on different days of the menstrual 
cycle demonstrates a trend towards increased laciofenin expression 
during tbe luteal phase. Although this data is not statistically signif- 
icant, the cyclic variation may be biologically lelevant Kim tt ol (21) 
recently reported that the basal endometrial epithelial cells are unique 
because they proliferate during the poslovulatory luteal phase. Inter- 
estingly, in tbe mouse uterus, iheie is a diiect correlation between 
lactoferrin expression and epithelial cell proliferation (6). Therefore, 
lactoferrin may have a similar role in the human and mouse endome- 
trium. If lactoferrin expression is- cyclic, the ERE in tbe 5'-flanking 
promote i region of the human lactoferrin gene may be activated 
during ibe luteal phase (30, 33). 

Another similarity between human and mouse uterine lactoferrin 
expiession is the observation of two immunobisiochemical staining 
patterns. In one pattern, the antiseia binds primarily over the cyto- 
plasm, and in the other, tbe nucleus is the primary site of localization. 
Although this could represent a fixation artifact, we bave now ob- 
served this pattern in two species and under different fixation condi- 
tions. It has been demonstrated that signaling peptides, i.e., platelet- 
derived growth factor (22), lnl-2 (23), and probasin (24), can be 
selectively three led into the nucleus, cytoplasm, or secreted. It is 
believed that this differential processing may allow proteins to have 
intracrine, autocrine, and paracrine roles, depending on the physio- 
logical stale of the cell. The two locSKzarion patterns observed suggest 
thai lactoferrin might have signaling sequences that direct the final 
destination of the matuie peptide. 

In normal endometrium, lactoferrin roRNA is present but in very 
low levels. Prolonged exposure times are needed to visualize the 
mRNA band with Northern analysis. Although with in situ hybrid-, 
iiarion the lactoferrin mRNA signal is ensDy seen in adenocarcino- 
mas, we failed to localize the lactoferrin mRNA in normal endome- 
trium using an equivalent exposure time. These low Jcvcls of mRNA 
in normal endometrium suggest that the synthesis and degradation of 
laciofenin mRNA is more lightly regulated in normal tissue than in 
die adenocarcinomas. Because of the low levels of message in normal 
tissue, we are unable at this time to definitively conclude that lacio- 
fenin mRNA is synthesized by die same epithelial cells which express 
tbe proiein. 

In endometrial adenocarcinomas, malignant transformation of the 
endometrium is associated wiih the up-r emulation of lacloJcririi 
mRNA and protein biosynthesis. 7hc up-regulation al tbe R>JA level 
is demonstrated by an inoease in steady-state RNA levels using both 
in si rv hybrid » at ion and Northern analysis techniques. In these can- 
cers, wc i|$o observe an increase in ihe number of lacrofenin-positive 
cells, which t*>picss both the protein and hi RNA. In this study, 8 of 
the 12 adenocarcinomas evaluated ovcrcxprcss lactofejiin, compared 
with only J of 10 hyperplastic specimens. 'Ihc form of lactoferrin 
■piotein extracted from endometrial adenocarcinomas appears to have 



lactoferiun dysriguuvtidn in endometrial cancer 



Tig. A. Co) oca fixation of Ucloftnjn protein (l*/i paneh) and 
mRNA (rijA/ pontb) in a normal pioUfcrarive cDdoracujunj tod 
endometrial xhiDOOJQDOinaj by performing imiDunotisrocbeJDQ- 
try and in jib/ RNA hybridization on serial sections. Dual analysis 
of protein and mRNA expression reveals that grands in norms! 
' endometrium do Dot have detectable mRNA, as measured by m iiw 
hybridization (rep pontic X 40), whereas analysis of the adeno- 
carcinomas cltaily demonstrates a direct correlation between pro- 
it in bni RHA expression ioi lactofenin (middJe and bouom poneir, 
X'lQF). Note tbet baoferrin protein and mRNA is dmribvied b ■ 
heterogeneous palter* in ibe epithelial cells of tbc adcDocatciDOmas. 
As is shown in Pig. 1, a beterogentojis staining pa item for taaof- 
crrin pTOlch> is also seen frequently fn normal endometrium. 






a slightly higher molecular weigh! than the protein present in norma) 
tissue. This could be due" lo alterations in the processing of ihe 
lactofenin mRNA, piotcin, or gjycosylatron by. the malignant cells. 
Alternatively, thwe could be minor differences between 1 act of em n 
protein which is present in neutrophils and the form synthesized by 
uterine epithelial cells. Wc suggest two hypotheses to explain lactof- 
enin over expression in endometrial adenocarcinomas. Jh the fir si 
hypothesis, lactofenin biosynthesis is deregulated by the same pro- 
cesses thai lead to ibe malignant transformation of endometrium. If 
this hypothesis, is Hue then lactofejrin may be a usefol marker for 
endome trial adenocarcinoma investigation, and further research is 
needed to del ermine whether lactofenin plays a contributing role in 
the malignant Transform alion. A second hypo Ibe sis is that laaoferrin- 
positive human endometrial adenocarcinomas evolve from ibe clonal 
expansion of cells residing in the regenerative zone (zona basalis) of 
normal endometrium. It is interesting to speculate that lactofenin 
expression in endometrial cancer may be linked to estrogen action in 



some way, since proliferative drsordets of human endometrium are 
linked to chronic estrogen exposure over seveial years and sequencing 
data suggests that the promoter for the human lactofenin gene does 
contain an ERE. 

Although the function of lactofenin is unluiown, a variety of 
biological roles have been proposed for lactofenin which could linlc 
this protein to a role jd cancer, including the regulation of DNA 
synthesis (25-29), modulation of the immune response (25, 30, 33), 
and iron transport (32). Some forms of lactofenin are reported lohave 
RNase activity (33, 34). Sea e ted RNases are involved in develop- 
ment, reproductive funcuon, neoplasia, aDgiogenesis, and immune 
suppression. (35, 36) If angiogeDesis and immunosuppression art 
components of jaciofenin RNase activity, these properties could pro- 
mote tumor growth. 

In the endometrial adenocarcinomas, wc observed a heterogeneous 
expression pattern for lactofenin, PCNA, Her-2/neu, ER, and PR. 
With regard to prognosis, patient survival is reportedly worse when 



Tabic } Correlation of laao/trnn and PR typitaian in human cndomttriol odentM orihwtnaj 
An in-mj* conebiion indicates that lacioJcrrin and pjOFciitroot *cjc not cjpiia&cd in the same ireions ol ihc lunwi by imrnuDohisioc hernial cnajysn. PR was delected »-»tb the 
antixera KD6S. and leclofrnin v»i dntcted .by a specific poiydunal amis era. 
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1 2 3 4 



Fig. z. Northern analysis ol lactofnijn mRNA rjpjession confirms that tndomttrb) 
adtnocarctDOTDM {Lonej J and 4) 5>«Mific2ntry O-verexpjess" the 2.5-kjJobas* transcript of 
human laciofemn id comparison ro normal endometrium {tuna I »nd 2). Tbt Northern 
bvbjidii»bon data supports the in Jt/t* RNA results and confirms thai Incio/cmn RNA 
expression is deregulated in uterine adenocarcinomas. Norma) uterine tissues appear ro 
contain, low steady-stale RNA levels of bctoicmn, ic fit c ting a controlled pattern of 
protein crpreisioD. Equivalent RNA loading and quality tot each sptdiDOj was demon- 
suaied by eihidium bromide staining ot the RNA gels (data m» shown) and by probing for 
a h oust keeping gene (£jycer?ldthyde-J-phosphatc dehydrogenase) that dots not, fluctuate 
significantly with tbe metabolic siate of the tissue. 



endometrial adenrjcairinoroas Jose sex steroid receptors (37, 38), have 
a higher proliferative index (39), a»<* demonstrate PNA aneupJoidy. 
During the tumor progression of endome trial adenocarcinomas, it 
appears that the loss of steroid hormone receptors occurs easier than 
either the increase in proliferation rare or the development of DNA 
aneuploidy (40). Id our study, we note a striking inverse correlation 
between the expression of lactoferrra and PR in the endometrial 
adenocarcinomas. An inverse relationship also has dccd described for 
HER-TJrteu and PR in endometrial adenocarcinomas that correlates 
with patient prognosis. Furthermore, in cancers of the human endo- 
metrium, ovary and breast Hcr-2//ie?w expression has been associated 
with advanced disease and poor survival (41-43). BERrWneu is an 
oncogene that shares sequence homology with the epidermal growth 
factor receptor and is speculated to contribute. to aberrant growth. Of 
note is that lactoferrm biosynthesis in the mouse uterus is associated 
with the expression of the epidermal growth factor, like HER-2//teu, 
the epidermal growth factor icceptoi is also j&equentJy overcxpressed 
in PR- negative cells of endometrial adenocarcinomas (44). The am- 
plification of growth factor receptor expression in PR-negarive endo- 
metrial adenocarcinomas may be associated with the acquisition of 
growth autonomy and hormone independence, which may contribute 
to ihe poorer prognosis of PR-negative endometrial carcinomas (45). 
Some endometrial adenocarcinomas, including recurrent tumors, can 
be treated successfully with progesterone therapy (46, 47). Although 
the significance of the inverse relationship between lactoferrin and PR • 
expression is not Juiown, we speculate that the PR-negative cells do 
not undergo the normal growth inhibition and secretory differentiation 
normally associated with progesterone action. 

A survey of human tissues reveals that lactoferrin is expressed by 
most Donnal mammalian exocrine glands and may be a prognostic 
marker in tumors (20). Lactoferrin is found in normal ductule breast 
epithelium and in primary breast carcinomas. In breast tumors, there 
is an inverse con elation between lactoferrin and ERs (20). Notably, 
lactoferrin expression in breast cancer may fall into the same category 



A. Immunoblot 



B. Coomassie Blue 
Protein Staining 



Fig. 6. Westinj bloi analysis using an antiserum 
specific tot human ladoferrin was performed on 
proteins caiiactrd horn normal' and miligjjifti eu- 
doxr.eiriuD) and separated by SDS-polyaciytamidc 
ft! elcruoplioicsis. A broad protein baod with a 
molecular *eiphi between 70,000 and 30,000 is 
drtccitd in both normal and neoplastic endometrial 
tissue homog f.iateAy cumi'ienl wjih the reported 
moicculat wtighi of human larmftrrin (A)* Tbe 
roost significant observation from the immunoblot- 
tin? studies is that tacicfemn ptoteb; is markedly 
clcvaif-d ; n Iat actnocajcinomas, in comparison 10 
normal endometrium, which 5wppom l be immvno* 
t)'iochtciic»J anaJysi? tlisl demonstrates t greater 
number ol ctlls positive lot tariofenis pjotrin in 
»ht uterine mmors. B r ihe rtlative amount ot protein 
loaded in tit h lane b)' Coomassir blue staining 
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Fig. 7. CantJaitm of lactof enin protein txptv 
siwi wjih the PCNA, a marker of ptoBcnxma, and 
PR »s measured by imjnunohistocberoistrjr ptr- 
fonned on serial stctwos; X 20. In most cases, do 
relationship between lactofcmn apd PCKA Ciprev 
sion is lound in either normal o» malignant cfido- 
rocirivrn (d^ noi shown). However, in 1 of 12 
adenocarcinomas, "» inverse correlation i» seen 
between laciofemn (A) wd POM (B) localiza- 
tion. This sinking patient w»s consistent through- 
out the entire rumor, suggesting po^ibuiry of 
czll cycle legulation of lacioftnin expression r» 
this adenocaidnoroa. The tenon /xwir eihibil *a 
inverse correlation between bctofeario (C) and PR 
expttsiioa (D), which was seen in al) eight tndo- 
nxtriaJ »denoc»rdnoinas which expressed PR. 
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as the other markers ioi ER-negative tumors, such as amplification of 
EGF teeepior, HER-2/ncu, and iransfonniug growib factor a expres- 
sion, which are associated with poor prognosis. Id gastric carcinomas, 
lactofenin expression is associated with transformation of specific 
cell types including intestinal-type carcinomas, adenomas, and incom- 
plete intestinal metaplasias (28). Although this is complete specula- 
tion al' ibis Kmc, perhaps lacioferrin ovei expression in the various 
malignancies may complement the actions of the growth factor path- 
way molecules and contribute to the autonomous giowih of these 
tnraois. 

In concJusion, oui studies reveal that lactofenin is. associated 
with a unique population of epithelial cells in the zona basaJis and 
ibat laclofeijin overeapiession may be associated with malignant 
tiansfoirnation of the human endometrium. Further studies are 
Deeded to elucidate the tole of lactoferrin in normal and patholog- 
ical endometrial physiology. 
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Cell proliferation in human soft tissue tumors correlates with platelet- 
denyed growth factor B chaiu expression: an immuiiohistochemical and in 
situ hybridization study. 

Wang J, Coltrera MP . Gown AM . 

Department of Pathology, University of Washington, Seattle 98195. 

/^r?° r f tCSted thC h yP othcsis mat the B chain of the platelet-derived growth factor 
(FDGF), a known connective tissue mitogen and growth factor, could be expressed by 
human soft tissue tumors, and that its expression could play a role in the control of cell 
proliferation in these tumors. Using a set of 56 soft tissue tumors, including benign 
rumors and all three grades of sarcomas, PDGF-B chain protein was localized using 
mimunomstochemistry and PDGF-B mRNA was localized using in situ hybridization 
The hypothecs that PDGF-B expression was related to cell proliferation was tested by 
simultaneously demonstrating the expression of the proliferating cell nuclear antigen in 

pZT r '™ ! SCC ! i0nS ° f thC Same tUm ° TS - Sixt y ^ 82% of tumors had demonstrable 
IDGF-B mRNA and protein, respectively, with a strong correlation between their 
degrees ; of expression (P = 0.0001). Among the sarcomas, a strong correlation between 
pn™ S eXpress ! on incr «>sing malignant tumor grade (P = 0.006), and between 
UC T" B ex P res sion and increasing proliferating cell nuclear antigen index (P = 0 01) 
was round. All tumors were also demonstrated to express the beta receptor of PDGF via 
unmunoh^tochemistry: These studies suggest mat PDGF-B expression may be an 
important mcd.ator of cell proliferation control, via an autocrine mechanism, in human 
soft tissue tumors and may correlate with clinical outcoihe in the sarcomas 
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Expression of cadherins and catenins in paired tumor and non neoplastic 
primary prostate cultures and corresponding prostatectomy specimens. 

HangJ, KrUID, Torbenson M, Wang Q. BisceeUa M. St«„gr.T Th^w a 
MPl^m^mrJ^BKMiMl. 

Department of Pathology, University of Pittsburgh Medical Center, PA, USA. 

Cadherins are a family of transmembrane proteins that play a crucial role in cell 
differentiation, cell migration, and intercellular adhesion. Cadherins are associated with 
catenins through their highly conserved cytoplasmic domain. Down-regulation of E- 
cadhenn protein has been shown in various human cancers. This study examined the 
expression of cadherins and associated catenins at the mRNA level. Paired tumor and 
nonneoplastic primary prostate cultures were obtained from surgical specimens 
Quantitative multiplex fluorescence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) and quantitative analysis were performed and correlated with 
immunostain results. Six of seven cases of neoplastic cultures showed moderately-to- 
markedly decreased levels of E-cadherin and P-cadherin mRNA. Similar losses of alpha- 
catenin and beta-catenin mRNA were also observed. The results of QMF RT-PCR 
showed good correlation with the results of immunohistochemical studies based on 
corresponding formalin-fixed sections. In conclusion, this paper presents a coordinated 
down-regulation m the expression of E-cadherin and associated catenins at the mRNA 
and protein level in most of the cases studied. This down-regulation may play an 
important role in the pathogenesis of prostate cancer. 
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Abstract Cadherins are a family 0 f transmembrane 
protons that play a crucial role in cell differentiation 
cell migration, and intercellular adhesion. Cadherins are 
associated with catenins through their highly conserved 
cytoplasmic domain. Down-regulation of E-cadherin 
protein has been shown in various human cancers This 
study examined the expression of cadherins and associ- 
ated catenins at the mRNA level Paired tumor and non- 
neoplastic primary prostate cultures were obtained from 
surgical specimens. Quantitative multiplex fluorescence 

D^»? n ^ nplaSC " po!ymerasc chain taction (QMF 
r P , CR ) and quantitative analysis were performed and 
correlated with immunostain results. Six of seven cases 
of neoplastic cultures showed moderately-to-markedly 
decreased levels of E-cadherin and P-cadberin mRNA 
Similar losses of a-catenin and 0-catenin mRNA were 
also observed. The results of QMF RT-PCR showed 
good correlation with the results of immunohistochem- 
»caJ stud,es based on corresponding formalin-fixed sec- 
tions. In conclusion, this paper presents a coordinated 
down-regulation in the expression of E-cadherin and 
associated catenins at the mRNA and protein level in 
most of the cases studied. This down-regulation may 
play an important role in the pathogenesis of prostate 
cancer. * • 
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Prostate cancer is the most common malignant tumor 
and !h c second leading, cause of cancer death in men 
The clinical course of patients with prosiate cancer 
varies widely, and different factors contribute to this 
marked clinical variability, including genetic back- 
ground Jiormonal environment, and the invasive 
potential of the tumor. Invasion and metastasis arc the 
hallmarks of malignancy and have been closely linked to 
alterations in cc II- to-ce II adhesion, cell migration, and 
interactions with extracellular matrix components J22L * 
. Cadherins are a family of transmembrane glycopro- 
teins responsible for maintaining the integrity of tissue 
and are involved in cell differentiation, cell migration 
and intercellular adhesion through a calcium-dependent 
mechanism characterized by homotypic adhesion [35- 
37]. Their highly conserved cytoplasmic domains asso- 
ciate with catenins, a group of intracellular proteins that 
mediate contact between the cadherins and the micro- 
filaments of the cytoskeleton. Each cadherin subclass 
shows a unique tissue distribution: E-cadherin is pre- 
dominantly expressed in epithelial cells and P-cadherin is 
restricted to decidua tissue and the basal or lower layers 
of stratified epithelium (30). 

The accumulating evidence suggests a decrease or loss 
of function in E-cadherin and P-cadberin in several 
human carcinomas [3, 9. 23, 32J. Loss of heterozygosity 
[LVH) at chromosome 16 in the location of ibe E-cad- 
herin gene is present in a high percentage of prostate 
cancers |6, 21, 26, 28J. Decreased expression of E-cadherin 
is seen in various human malignant tumor cell lines, and 
the level of decrease correlates with the invasive potential 
of the tumor cell lines [1, 9, 12, 24, 40, 42}. In addition, 
many, but not all, immunohistochemical studies using 
formalin-fixed, paraffin-embedded tissue have shown that 
the E-cadherin protein is decreased in prostate cancer and 
the decrease is correlated with tumor grade |4 8 13 27 
38J. Other studies have shown decreased-to-absent 
P-cadhenn levels, but variable E-cadherin levels f33). 
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a- and p-catenins bind the cytoplasmic domain of 
E-cadbcrin and link it to the cyloskelelon [1 6, 3)}. Down- 
regulation of expression and deletion of a- cat en in genes 
were identified in several human cancer cell lines [19, 24, 
4gJ. lmmunohistochemical studies showed decreased 
c^catenin staining, which correlated well with the loss of 
E : cadherin stainiDg and patient survival [25, 29, 39). In 
addition, decreased 0-catenin protein expression appears 
to be associated with malignant transformation of epi- 
thelial tissue [34]; These results suggest that cadherins 
and catenins may function as tumor invasion- suppressor 
genes. However, most of these results were obtained m 
studies using transformed tumor cell lines and formalin- 
fixed, paraffin-embedded tissue. To our knowledge, 
no studies to dale have examined the co-expression of 
cadherins and catenins at the mRNA level using material 
derived from surgical specimens. 

Recently, we haye developed the methodology to 
cultivate primary epithelial cells under defined condi- 
tions from surgical prostatectomy specimens [20]. Areas 
of both carcinoma and noh-neoplastic tissue are identi- 
fied grossly, verified histologically, and then cultured 
separately, resulting in paired primary cultures of both 
non-neoplastic and neoplastic epithelium from the same 
patient. The non-neoplastic tissue cultures serve as an 
important control of any person-to-person variability in 
the expression of the genes of interest. 

In this study, we investigated the co-expression 
of cadherin and catenin mRNA, from multiple paired 
primary prostate cultures derived from surgical prosta- 
tectomy specimens using quantitative multiplex fluores- 
cence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) [41, 44). Immunohistochemistry stud- 
ies of cadherins and catenins were performed on the 
corresponding paraffin-embedded prostate tissue. 



Materials and methods 

Tissue specimen and primary prostate cultures 

We studied patients with adenocarcinoma of the prostate who 
underwent prostatectomy at the University of Pittsburgh Medical 
Center during the time interval January 1996-January 1998. No 
patient bad received treatment prior to surgery. Fresh prostatec- 
tomy specimens were sectioned end grossly examined, representa- 
tive samples of neoplastic and non-neoplastic tissue were collected, 
and the diagnoses were confirmed by examination of hematoxylin 
and cosin (H&E) -stained sections. Epithelial cells from tumor and 



non-neoplastic areas of the specimen were isolated and then cul- 
tured with a chemically defined medium (CDM) without addition 
of growth factors as previously described. Tissue fragments were 
cut into small pieces and underwent a series of collagenous diges- 
tions. Following each digestion, the cells were pelleted by centn- 
Tugalion al 1.000 ipm for 4 M1N [20). To selectively promote 
epithelial cell growth, the pellets were resuspended.and maintained 
in serum-free CDM supplemented with epithelial £«>wtV factor 
(EGF) [20]. The culture's morphology was examined dairy, and 
epithelial cells were allowed to grow until confluence was reached, 
between days 7 and 10. 

Isolation of total RNA and synthesis of cDNA 

Total RNA was extracted from the cultured primary prostate 
epithelial cells at first passage according to the Tnzol sohiuon 
(Gibco BRL, Rockville, MD) modified method of Chornczymki 
and Sacchi [7]. The RNA was then quantified spectrophotomel- 
rically. Two micrograms of total RNA were used for first strand 
cDNA synthesis using oligo-dT primers and MMLV reverse tran- 
scriptase (Gibco BRL, Rockville, MD). 

PCR primers and quantitative multiplex fluorescence PCR 

PCR primers for hepatocyte growth factor (HGF) and c-myc 
were synthesized as previously described |I7J. PCR pnmers for 
E-cadherin, P-cadherin, a-catenin, 0-catenin, and f-actin cDNA 
were designed according to cDNA sequences provided by Ihe 
GeneBank (WWW2.ncbi.nlm.gov/gencbank/query). The pnmers 
were selected to amplify 150-250 bp target genes and the PCR 
products from each target gene were designed to have a different 
sire (Table I). The reverse primers were synthesized with fluores- 
cein molecules covalenlly attached to the 5' end (BRL, RockvDIe. 
MD). Twenty-five microliters of PCR reactions for QMF-PCR 
contained primers (20 pM eacbX cDNA corresponding to 50 ng or 
total RNA, dNTPs, and reaction buffer. The reactions were am- 
plified for 21 cycles at 94 °C for I min, 57 °C for 2 mm; and 72 O 
for 2 min. Five microliters of QMF-PCR reactions were mixed with 
an equal volume of sequencing gel loading buffer, denatured, and 
aliquots were elect rophorcsed on an AB1 373A automated sequencer 
(Applied Biosystems. Foster City. CA) using a matrix specific Tor 
fluorescein (Fig. I A). . 

Automated sequencer gels were run for 6h at 30 YV using 
Genescan software (AB1, Foster City, CA> U»ne ass»gnmenU and 
areas of the peaks corresponding to fluorescent peaks were a«'g«d 
and quantitated by the Genescan software using Pholomullipner 
tube (PMT) voltages (Fig. IB). All experiments were do *e >n 
triplicate and the results presented as means and standard devia- 
tions (SD). 

Antibodies and immunohistochemistry 

Five-micron sections were obtained from formalin-fixed, paraffin- 
embedded tissue blocks. They were deparaffinized and byd'aled 
with graduated cthanols. Slides were then microwaved in I.I M 



Table I Summary of PCR 
primer sequences and PCR 
products 



Primer Sequence 



Target gene 



Size of PCR product (bp) 



1 Forward cccacactglgcccatctacg 

2 Reverse gcltctccltaatglcacgc 

3 Forward caaagtgggcacagatggtgig 

4 Reverse cigcltggatlccagaaacgg 

5 Forward gcaagagccagctctgtilagc 

6 Reverse acttgagctgailcaglctctgg 

7 Forward gatggacaactalgogccagg 

8 Reverse tataccaggegggaagcalcg 

9 Forward rtciggtgccactaccacagc 
10 Reverse igcatgcccicatctaatglc 
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.Fig- 1 A Ccnescan image of 
QMF RT-PCR offive paired 
non-neoplastic and neoplastic 
primary' prostate cultures. 
cDNA corresponding to 50 ng 
of total RNA was subjected to 
. 21 cycles of PCR, and all 
reactions were done in tripli- 
cate. RNA of both E-cadhcrin 
and P-cadherin showed moder- ' 
ate-to-marked reduction in pri- 
mary neoplastic cultures in four 
. or five cases (Cases I, 2, 4, and 
5). B Representative automated 
sequencer traces (ABJ 373A) 
from 2} cycles of QMF 
RT-PCR using cDNA from a 
paired nonneoplastic (top 
panel) and neoplastic (bottom 
pone/) primary prostate cultures 
(Case 2X and copy number of 
PCR products (a-actin, 
E-cadherin, and P-cadherin) 
. was calculated using peak areas 
Neoplastic culture showed 
markedly decreased expression 
of both E-cadherin and 
P-cadherin 
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• ■■i * * . , 



beta- Actio 
(I70bp) 



E-cadhcrin 
(I90bp) 



P-cadhcrin 
(220bp) 



noo-fieoplasnc 



u 



neoplastic 



Vector Labora.or.es (Burlingame, Calif, USA). Tfe E^dheVb 
Evaluation of immunostaining 

h.h K n ' a ? C ° f P° sitivc Cc »*. in'^sity or ihe staining and cel- 
lular locahzat.on or the staining were examined by JSe^J 
observers usmg normal prostate epithelium from ihe^mTstS. 
men as an , n(crna , controK Thc in , cnsi signalw^aded 



Results 

Hxpression of E-cadhcrin and P-cadherin 

Sv he,7 Pr ° Sta,e CanCC ' S kn ° Wn "> * his ^log- 
oi the Z TOg r° U *' 3djaCCnI H *E-*»"«I sections 
ol Ibe tissue fragments sent to culture were reviewed 



lo assess tissue homogeneily and to rule out the presence 
of other d.seases. The paired primary cultures tor this 
study were selected based on the following histologic 
leatures: (!) non- neoplastic tissue showed no cancerous 

/mmw™ 8 *" 8 '?* P rostatic intraepithelial neoplasia 
(l) neoplastic sections contained less than 5% 
non-cancerous epithelium. Seven out of 38 pairs or 
cultures met the selection criteria and were included in 
this study. Histologically, all seven cases were moder- 
ately differentiated adenocarcinomas, with GJeason 
scores ranging from 5 to 7 (median = 6). In six of these 
cases, adjacent sections of tumor contained no benign 
prostate epithelium, and in one case (specimen 4). there 
was less than 5% non-cancerous epithelium. Prostate 
stromal cells express HGF, whereas the epithelial cells 
express c-mel, the receptor for HGF [17, 20]. The cases 
included , n this study showed no detectable HGF 
expression after 21 cycles or QMF RT-PCR (data not 
shown).. This indicates there was do significant stromal 
cell contammation in the current epithelial cultures. 

yjvJh-PCR ,s an accurate method or measuring the 
relative levels ofmRNA in small tissue samples [41], In 



. this sludy* we used this method to quantitate the mRNA 
levels of E-cadherin and P-cadherin, relative to /f-actin. 
All the RNA samples contained no DNA contamina- 
tion, as shown by the absence of automated signals when 
RT was omitted from the RT-PCR reactions. We ob- 
served the expected linear increases in 0-actin, E-cadh- 
erin, and. P-cadherin signal intensities between cycle 
numbers 18 and 24, with a cDNA input corresponding 
to 50 ng of total RNA. The ratios of 0-actin to 
E-cadherin and P-cadherin were constant, as was the 
E-cadherin/P-cadherin ratio. These results indicated that 
the target genes were consistently amplified in the reac- 
tions. Twenty-one cycles of PCR were chosen for all 
subsequent experiments. In addition, the raw sequencer 
quantitation of peak areas for /f-actin using the same 
cDNA input was similar among the paired primary 
prostate cultures (data not shown). 

When compared with the paired non-neoplastic pri- 
mary cultures and normalized with the /^actin internal 
controls, four of the neoplastic cultures showed marked 
(>85%) reduction of E-cadherin mRNA levels, with 
one case showing no delectable E-cadherin mRNA. The 
other three neoplastic cultures showed mild-lo-moderate 
reductions (Table 2). 

Six of seven neoplastic cultures showed moderately 
to markedly decreased P-cadherin mRNA levels when 
compared with non-neoplastic cultures. Interestingly, 



the four cases showing marked reduction in levels of 
E-cadherin mRNA, and also demonstrated significant 
losses of P-cadherin mRNA. The case with no detectable 
E-cadherin mRNA also demonstrated near total loss 
of P-cadherin mRNA (Case I). Another case (Case 3), 
with only mild reduction in E-cadherirT mRNA, showed 
no significant change in Prcadherin mRNA. Genetic 
variations among the patients were evident in the 
marked differences in the baseline levels of E-cadherin 
and P-cadherin expression seen in the non neoplastic 
primary prostate cultures. 



Expression of a-catenin and #-caieniri 

The highly conserved intracytoplasmic domain of 
the cadherins interacts with a- and /J-catenins, with the 
catenins serving as a link between the cadherins and the 
microfilaments of the cytoskeletoh. Six cases of neo- 
plastic cultures showed mild-to-moderate reductions in 
a-catenin mRNA levels, ranging from 26 to 62%. These 
cases also demonstrated more severe reductions of 
0-catenin mRNA levels and generally correlated with 
the changes of cadherins in the same specimen (Table 3), 
Interestingly, the case with no significant change of 
P-cadherin mRNA and only a mild loss of E-cadherin 
mRNA also showed no change in mRNA levels of both 



TaWr 2 E-cadherin and P-cadherin expression in paired non-neoplastic and neoplastic primary prostate cultures derived from prosta- 
tectomy specimens - 



Case 



E-cadherin* 



Percentage 
loss in lumor b 



P-cadherin* 



Percentage 
loss in tumor* 



Non- neoplastic 



Tumor 



Non-neoplastic 



Tumor 



71.0 ± 2.2 

27.4 ± 6.4 
18.0 ± 0.2 

93.5 ± IZO 
41.5 ± 3.0 

56.7 ± II 

53.8 ± 6.1 



3.7 ± 0.3 
12.6 ± 1.9 

5.4 ± 0.9 
24.4 ± 4.0 

8.1 ± 1.0 
22.2 ± 0.7 



100 
86 
30 
94 
41 
86 
59 



65.7 ± 2.0 

53.4 ± 6.5 

88.8 ± 6.5 
87.8 ± 7.0 

30.5 ± 1-4 
71.8 ± 2.9 
62.7 ± 3.5 



0.8 ± 0.1 
17.8 ± 1.3 

86.4 ± 9.5 

25.5 ± 2:5 
18.1 dfc 2.4 
17. 1 ± 2.2 
19.4 ± 2.2 



99 
67 
3 
71 
41 
76 
69 



■ Level or E-cadherin and P-cadherin are normalized with 0-actin from the same sample: (E-cadherin or P-cadherin)/actin x 100 
b Percentage loss in tumor primary culture: l(N - T)/N) x 100% 
C ND, not delectable 

Tabic 3 a-Catenin and 0-catenin expression in paired non-neoplastic and neoplastic primary prostate cultures derived from prosta- 
lectomy specimens . — 



Case 



a-catenin* 



Percentage loss p*-catent»* 



Non-neoplastic Tumor 



in tumor 



Percentage 
loss in tumor 



Non-neoplastic 



Tumor 



45.1 i 7.1 

49.2 i 1.6 

48.0 ± 5.9 

61.1 ± 2.5 

58.2 i 1.8 
46.7 i 4.7 
43.2 i 2.6 



17.3 * 0.5 
36.2 i 4.0 
47.8 ± 9.0 
40.8 i 2.6 
27.8 i 1.6 
33.6 -Jt 4.7 

26.4 ± 1.7 



62 
26 
< I 
33 
52 
28 
39 



19.7 ± 3.6 

21.7 ± 1.5 
40.1 ± 5.3 

36.8 ± 18 
29.8 i 2.0 
31.5 ± 4.2 
22.3 i 1.5 



ND C 

3.9 i 0.2 

38.9 ± 6.2 

22.1 4 1.9 

15.2 ± 1.1 

13.5 i 1.6 

11.6 dt 1.4 



100 

82 
3 
40 
49 
57 
48 



* Level of a-catenin and ^caienin aie normalized with /J-actin from the same sample: (calenin/aclm) x 100 
b Percentage Joss in tumor primary culture: |(N - T)/N] x 100% 
1 ND. not delectable 
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a- and £-calenins. Moderate interspecimen variation was 
observed in the baseline expression of a-catenin and 
0-catenin mRNA levels in Ihe non-neoplastic cultures. 

Immunohisioehemical studies of cadherins and catenins 

In benign prostate tissue, E-cadherin was, in all cases, 
uniformly localized to the membranes of luminal glan- 
dular epithelial cells, predominantly at cell-cell junctions 
(Fig. 3A). One case of prostate cancer showed complete 
negative staining for E-cadherin (Fig. 3B), and the re- 
maining six cases demonstrated reduced immunoslaining 
for E-cadherin, with 25-75% of cancer cells positive 
(Fig. 3Q. The cancerous glands generally showed re- 
duced signal intensity and an altered heterogeneous 
staining pattern, which included focal cytoplasmic stain- 
ing and reduced membranous staining (Fig. 3C, Table 4). 

Benign prostate tissue, showed uniform basal cell 
immunoreactivity for P-cadherin, with principally cyto- 
plasmic and focal membranous pattern staining. The 

Table 4 Immunohisioehemical expression of cadherins and cate- 
cuhure pr ° Ma,CClomy s P tcimtDS corresponding to primary prostate 



benign, glandular non-basal epithelial cells and stromal 
cells were negative for P-cadherin (Fig. 3D): P-cadherin 
immunoreactivity was completely absent in two cases of 
prostate cancer (Fig. 3E), and the remaining five cases 
showed variable focal positively, which was predomi- 
nantly cytoplasmic (Fig. 3F). This focal P-cadherin 
jmmunostaimng positivity was confirmed by staining 
multiple sections and by using different monoclonal 
antibodies: In some cases, serial sections also appeared 
to show immunoslaining for both E- and P-cadherins 
with Ihe same neoplastic cells. 

In all cases of benign prostate tissue, a- and 0-catenin 
protein expression showed strong homogeneous staining 
of the luminal glandular epithelium and the basal cells. 
In a pattern similar io that of normal Ercadherin, the a- 
and ^-catenins were localized predominately at luminal 
epithelial cell-cell borders (Fig. 2A, C). In all cases or 
prostate cancer, there was a mild-to-moderate reduction 
in staining for both catenins with 50-75% of cells 
positive, and the staining tended to be heterogeneous 
(Fig. 2B, D; Table 4). • 



Discussion 



Case 



E-cadherin P-cadherin a-caleoin 0-catenin 



1 






4 4 


4 4 


2 


'4 4 


4 


4 4 


4 4 


3 


+ + + 


4 4 


4 + + 


4 4 4 


4 


-f 




+ 4 


+ 44 


5 


4 4 4 


4 


4 4 4 


4 4 4 


6 


4 4 


4 


4 4 4 


4 4 4' 


7 


4 4 


4 


4 4 


4 4 4 



-^eganve; 4. <25% positive; 4 4 . 25-50% posilive; 4 44 
50-75% postuve; 4 4 4 4, > 75% posilive 



Fig. 2A-D Immunohisioehemi- 
cal staining of a- and /F-catcnin 
in non-neoplastic prostate and 
in prostate adenocarcinoma. 
Original magnification xl 15. 
A, C Normal membranous 
expression of a-calcmn anil 
/7-caienin in non- neoplastic 
prostatic epithelium (Case I). 
B Decreased immunoslaining 
for a-catenin in prostate 
adenocarcinoma (Case I). 
D Decreased and heterogenous 
immunoslaining for /f-caicnin 
in prostate adenocarcinoma 
(Case I) 



In this study, we observed a coordinated dowh-regu.a- 
tion of Ihe expression in the genes involved in the 
cadbenn and catenin mediated cell-cell pathway at the 
mRNA level. The protein levels, as demonstrated by 
the immunohistochemical studies on the corresponding 
tissue sections, were generally consistent with the 
mRNA data as well as with that reported in the litera- 
ture (18, 33, 34, 38, 39). 

E-cadherin showed Ihe most consistent loss of ex- 
pression at both Ihe mRNA level and the protein level. 
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Fig. 3 A ImmuDohistochemical 
staining of E- and P-cadberin in 
non-neoplastic prostate and in 
prostate adenocarcinoma. 
Original magnification xl 15: 
A Normal membranous ex- 
pression of E-cadherin in non- 
neoplastic prostatic epithelium 
(Case I). B, C Complete 
negative (Case I) and focal 
heterogeneous (Case 3) immu- 
nostaining for E-cadherin in 
prostate adenocarcinoma. 
D Normal continuous basal 
layer expression of P-cadherin 
in a portion of non-neoplastic 
prostatic epithelium (Case I). 
E, F Complete negative 
(Case I) and mild focal hetero- 
geneous (Case 3) immunostain- 
ing for P-cadherin in prostate 
adenocarcinoma 




LOH at chromosome I6q, where both E-cadherin and 
P-cadhcrin are located, occurs in up to 30% of prostate 
cancers. Four of our cases showed a greater than 50% 
reduction in mRNA, ranging from 87 to 100%, sug- 
gesting that mechanisms in addition to LOH may play 3 
role in the reduction of E-cadherin mRNA levels below 
that of the 50% predicted by LOH alone. 

Previous studies have suggested that P-cadherin 
could serve as a specific marker, for basal cell differen- 
tiation and was not expressed in prostate cancer, 
although a recent study has shown focal P-cadberin 
expression in some prostate tumors (18]. In this study, 
we demonstrated P-cadherin mRNA in six of seven 
neoplastic cultures, although it was significantly reduced 
in all six cases. It is, impossible to rule out the possibility 
that some of the P-cadherin mRNA expression may 
have resulted from potential contamination by small 
numbers or non-neoplastic basal cells admixed with the 
neoplastic cells within the culture material. However, we 
favor the interpretation that low levels of P-cadherins 
arc expressed in cultured tumor. cells, as well as weakly 
in some tumors in vivo owing to disruption of normal 
gene regulation. This interpretation is favored by the 
presence of focal immunostaining for P-cadherin protein 
in histologically neoplastic cells in five of seven cases. 
The histologic selection criteria (requiring minimal to no 
benign prostate glands) should also have minimized 
major contamination. Despite the presence of mRNA in 
primary tumor cultures and focal positive immuno- 



staining, P-cadherin immunostaining may still serve as a 
useful basal cell marker because the staining pattern was 
distinctly abnormal in the cases where it was focally 
present. 

In this study, the levels of a- and 0-catenin mRNA 
were also lower than normal in six of seven cases, 
though the reductions were relatively less than those of 
cadherms, especially for the a-catenins. Catenin protein 
expression was generally moderate to weak by immu- 
nohislochermstry and showed a heterogeneous cyto- 
plasmic and weak membranous staining pattern. The 
immunopositivity was generally similar in most cases, 
with 25-75% cells showing positivity; The results of the 
immunohistochemical studies were generally consistent 
with the mRNA data; although not in all cases (e.g.. 
Case 1); perhaps due to tumor heterogeneity. 

In this study, we also observed a coordinated down- 
regulation of E-cadherin and the catenins in most cases; 
this was most observable at the mRNA level. The cad- 
herms are tightly regulated during embryogenesis and 
appear to serve the need for precise spatio-temporal 
regulation. The promoter sequences of both E-cadhenn 
and P-cadherin have been cloned and functionally ana- 
lyzed |2, 5, 10, 15]. Both promoters have similar regu- 
latory elements, such as GC-rich regions and CCAAT 
boxes. Although the two promoters share similar se- 
quences, in vitro binding studies suggest that the two 
promoters are regulated by different transcriptional 
factors 1 1 1]. The tissue specificity of these promoters 
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relatively few factors common lo many types of tissues 
and docs not appear to ^ derived r ;J? lta ?™; 
factors specific for each type of tissue ,„ our sS 
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*Sn a "' ra,,on of swne regulatory factors occurs 
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) m ^ A eVC,S 0f E - cadhe »» as well as 
calenms are s.gn.ncantly reduced in some prostate can- 

ZfT ryCaUmeS ' and tends to UtoZ 

reguiatrng mechamsm common to all of these genes- (3) 
P-cadhenn appears to be present al both the roRNA 
level and the protein level in some prostate cZcn 
meditd C i d °- "-^"'a-on or E -cadberi n and ca^enfn 
mediated adhesion pathways may play a crucial role in 
tumor pathogenesis and metastasis 



References 



'* Sn- M - rCtl M * Fim W > van R*>y F Birchmeier W 

Acad Sci USA 87 875, P '° Na.l 

? ' SS" b ;^ d S ;" hi d N (, ^. Si »^ -p ™,hod „t RNA 

«.™ i0 nVnrB?o^ 



* C^th, M : rf K ri - Win8 ' , i- AhaEh0,u ^ **«» 0. Ross J (1997) 

9. Doki Y Shioaki H. Tahara H. Inouc M . Oka H liha„ K 

^1 "P""' 0 " »»<• invasfveoess i, vitro in a toS 
10 F^M 8 M,"^' linc - Canc " R « «: 3421 ° ■ 
10. Faraldo^ML, Cano A (1993) Tie J' flanking seaacnas of .fc, 
moose P-cadhcrin gene: homologies ^fSSuSLf 

, k° U "^ hre «^ J» Sachs M. Ebcik G Voss B a 

K Graff JR, Hennan JG, Upidus RG ChoDra H Y„ d i 

DF, Isaacs WB PiiKa pm rL ?E Xu R - Ja ^ard 

16. Hinck L, NaibJtc )S, Papkoff J Nelson W I noo^vrt - , 

Wheclock MJ Jo^son KR SLtt % B ° V3 GS ' 

Isaacs WBH^ P^Jh ■ • ^ ,ken J> ® usse ™kers M. 
marklrTar L „^,^ ^ " " "^P^ific cpilhcliaj 

lihara K t Maisui S, Iwazawa T. Nagafuchi A (1994) E^dh J^ 
-d^ rwprcssioninhum ^ 

h,r 1 A * ,m P ,c ™ h «« fw isolation and culture of coi- 
1^ "^WT 1 rr ° m bCnigB «-P^nc proslX 

1 TV ( 6 ? Tumor ,nva «on and metastasis- role of 
extracellular mairi*. Cancer Res 46' I 

bchildbcrg FW, Btrchmcer W. Funke J (1993) E-cadherin ej«- 
SS^." 1 . anJ mClaS!atic 8«lric cancer: down rc^ 

lat on correlates with cellular dcdifTerentia.ion and glandu!aV 
d»mtegrat,on. Cancer Res 53: 1690 

mSm rfT* ^ Na «f" cbi A. Tsukita S. Isaacs W (1993) 

rh^T, ^ s, «""« : ';' of 'he human foci fo, .vomoiulin and 
on^lh, long a™ of chromosome 16. Qtogcnt. Cell Crncl 50: 

S ju'ot T^T P Sy " , '" osu,c "»«' prog,ession. 



315 



28. Philips SM, KinscIIa AR, Lee SJ, Morion DG (1994) Chro- 
mosome I6q and E-cadherin loss in prostate cancer. Br J 
Cancer (69 Suppl) 21: 19 

29. Richmond PJ, Karayiannakis AJ, Nagafuchi A, Itaisary AV, 
Pignatelli M (1997) Aberrant E-cadherin and n-catenin ex- 
pression in prostate cancer, correlation with paticni survival. 
Cancer Res 57: 3189 

30. Sakaki T, Wato M, Kaji R. Mushimoto K, Shirasu R, Tanaka 
A (1994) Correlation of E- and P-cadherin expression with 
differentiation grade and mode of invasion in gingival carci- 
noma. Pathol Int 44: 280 

31. Shiozaki H, Oka H, Inouc M. Taroura S, Monden M (1996) 
E-cadherin mediated adhesion system in cancer cells. Cancer 
Suppl 77: 1605 

32. Stitonen S, Kononen J, Helin H, Ranlala I, Holli K„ Isola J 
(1996) Reduced E-cadhcrin expression is associated with inva- 
siveness and unfavorable prognosis in breast cancer. Am J .Clin 
Pathol 105: 394. 

33. Solaer AP, Harner GD, Knudsen KA, McBrcarty FX, Grujic 
E, Salazar H, Han AC. Keshgegian AA (1997) Expression of 
P-cadherin identifies proslale-speafic-negative cells in epithelial 
tissues of male sexual accessory organs and in prostate carci- 
nomas. Am J Pathol 151: 471 

34. Takayama T, Shio2aki H, Shibamoto S, Oka H, Kimuni Y t 
Tamura S. Inoue M, Monden T, llo F, Monden M (1996) 
/?-calcnin expression in human cancers. Am J Pathol 148: 39 

35. Takeichi M (1988) Cell-cell adhesion molecules controlling 
animal morphogenesis. Development 102: 639 

36. Takeichi M (1990) Cadherins: a molecular family important in 
selective cell-cell adhesion. Annu Rev Biochem 61: 147 



37. Takeichi M t (l99l) Cadherin cell adhesion receptor as a roor- 
phogenetic regulator. Science 251: 1451 

38. Urobas R, Isaacs WB t Bringuicr PP, Schaafaro*HE, Karthaus 
HF, Oosterhof GO, Debruyne FM, Schalkcn JA (1994) 
Decreased E-cadberin expression is associated with poor 
prognosis in patients with prostate cancer. Cancer Res 49: 2128 

39. Umbas R, Isaacs W, Bringuier P y Xue Y, Debruyne F, Schal- 
kcn J (1997) Relation between aberrant o-cattoin expression 
and loss of E-cadhcrin function in prostate cancer. Jnl J Cancer 
74:374 

40. Vleminckx K, Vakaet JL, Marcel M; Fien W, van Roy F 
(1991). Genetic manipulation of E-cadberin expression by 
epithelial cell tumor cells reveals an invasion suppressor role. 
Cell 66: 107 

41. Wang J, Pegoraro E, Menegazzo E, GcnnarcJK M„ Hoop RC, 
Angelini C; Hoffman EP (1995) Myotonic dystrophy: evidence 
Tor a possible dominant-negative RNA mutation. Hum Mol 
Genel 4: 599 

42. Watabe M, Nagafuchi A, Tsukita S, Takeichi M (1994) 
Induction of polarised cell-cell association and retardation 
of growth by activation of the E-cadherin-catCDin adhesion 
system in a dispersed carcinoma line,- J Cell Biol 127: 247 

43. Yoshiura K, Kanai Y, Ochiai A, Shimoyama Y, Sugimura T, 
Hirohashi S (1995) Silencing of the E-cadherin invasion- 
suppressor gene by CpG mcthylalton in human carcinomas. 
Proc NaU Acad Sci USA 92: 7416 

44. Zhou J, Spier SJ, Beech J, HofTman EP (1994) Pathophysiology 
of sodium channelopalhies: correlation of normal/mutant 
mRNA ratios with clinical phenotype in dominantly inherited 
periodic paralysis. Hum Mol Genet 3: 1599 



346: Cancer Res. 1997 Feb 15;57(4):714-9. 



Related Articles, Links 



Down-regulation of prostate-specific antigen expression by finasteride 
through inhibition of complex formation between androgen receptor and 
steroid receptor-binding consensus in the promoter of the PSA gene in 
LNCaP cells. 

Wang LG, Liu XML Kreis W. Budman DR . 

Department of Medicine, New York. University, Manhasset 1 1 030, USA. 

As a specific competitive inhibitor of 5alpha-reductase, an intracellular enzyme that 
converts testosterone to dihydrotestosterone, finasteride is being extensively used for the 
treatment of benign prostatic hyperplasia and in experimental settings for prostate cancer. 
In this study, we showed that finasteride markedly inhibited prostate-specific antigen 
(PSA) secretion and expression. The promoter of the PSA gene contains several well- 
known cis-regulatory elements. Among them, steroid receptor-binding consensus (SRBC) 
has been identified as a functional androgen-responsive element Our previous study 
showed that PSA was not only present in conditioned medium of the PSA-positive 
LNCaP cells but was also detectable in small amounts in PSA-negative cell lines, PC-3 
and DU-145 (L. G. Wang et al., Oncol. Rep., 3; 911-917, 1996). A strong correlation 
between binding of nuclear factors to SRBC and the level of PSA present in the . 
conditioned medium and cell extracts was found in these three cell lines, whereas no such 
correlation with binding was obtained using Spl oligonucleotide as a probe. Binding of 
LNCaP cell nuclear proteins to SRBC was dnninished when the cells were exposed to 25 
microM finasteride, at which concentration 50% of both PSA mRNA and protein were 
inhibited. As a major component of DNA-protein complexes, the level of androgen 
receptor was dramatically decreased in the cells treated with finasteride. Our data indicate 
that inhibition of complex formation between SRBC and nuclear proteins due to the 
remarkable decrease in the level of androgen receptor plays a key role in the down- 
regulation of PSA gene expression by finasteride in LNCaP cells. 

PMID: 9044850 [PubMed - indexed for MEDLINE] 
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Expression of calcyclin iu human mcbnocytic Icsious. 

Wctcrman MA. van Muiien GN , Blocmcrs HP, Ruitcr DJ . 

Department of Biochemistry, University of Nijmegen, The Netherlands. 

When comparing two subsequent stages of melanocyte tumor progression we identified 
calcyclin as a new potential progression marker, the expression of which was correlated 
with metastatic behavior of various human melanoma cell lines in nude mice In tins 
study, we describe a good correlation between RNA and protein levels in the xenografts 
of these cell lines and extended these experiments to a panel of 120 routinely processed 
human melanocyte cutaneous lesions. Northern blot analysis demonstrated that calcyclin 
RNA expression was elevated in melanoma metastases as compared to several types of 
nevocellularnevi. Calcyclin staining using a specific polyclonal antiserum showed a 
more complex pattern. A stronger staining in a higher percentage of positive cells was 
observed m thick primary melanoma (> or = 1 .5 mm) as compared to thin primary 
melanoma (< 1 .5 mm). Calcyclin expression was also present in a higher percentage of 
cells showing a stronger staining in melanomas with higher Clark levels (> II) 
corresponding to the vertical growth phase of primary melanomas. Protein expression in 
nevocellular nevi was confined to the dermal part and was highest in the lower parts of 
the dermis. Remarkably, dysplastic nevi (atypical moles), potential precursors of 
melanoma, did not show anyexpression at all, either in junctional or dermaJ parts. 
Confinement of the expression to the dermal part of nondysplastic nevi and primary 
melanomas may reflect interactions vvith the microenvirorunent of the reticular dermis 
that occurs with vertical growth! 



PMID: 8261423 [PubMed - indexed for MEDLINE] 
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Estrogen regulation of the cytochrome P450 3A subfamily in humans. 

Williams ET, Leyk M Wrighton SA . Davies PJ , Loose PS, Shipley GL, Strobel H.W . 

Department of Biochemistry, Medical School, University of Texas Health Science Center 
at Houston, 643 1 Fannin, MSB 6.200, Houston, TX 77030, USA. 

This study examines the possible role of estrogen in regulating the expression of the 
human CYP3A subfamily: CYP3A4, CYP3A5, CYP3A7, and CYP3A43. To accomplish 
this goal- mRNA was quantified from human livers and endometrial samples, and total 
CYP3A protein levels were evaluated by Western immunoblot analysis of the liver 
samples. The human endometrial samples were from premenopausal and postmenopausal 
women. The premenopausal endometrium was either in the proliferative or secretory 
phase, whereas for the postmenopausal endometrium samples, the women had been 
treated with either a placebo or estropipate, an estrogen substitute. After analyses, 
CYP3A4 mRNA was shown to have lower hepatic expression in females thatn in males. 
In the endometrium, CYP3A4 and CYP3 A43 are down-regulated by estrogen, whereas 
CYP3 A5 is expressed at higher levels during the secretory phase. CYP3A7 was not 
detected in the endometrium. In addition, the CYP3 A subfamily showed increased 
mRNA expression in the liver as age increased. The expression levels of total CYP3 A 
protein and total CYP3A mRNA showed good correlation. Despite apparent regulation of 
CYP3 A4 mRNA expression by estrogen, the effects of estrogen may be overshadowed 
by additional regulators of gene expression. 
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Severely decreased MARCKS expression correlates with ras reversion but 
uot with autogenic respousiveness. 

VVoitaszck PA, Stumpo DJ Blackshcar P.r Macara IG 

Oepaxtinent of Pathology, University of Vermont College of Med.cine, Burlington 

Phorbol ester-inducible phosphorylation of MARCKS, the '80-kDa' substrate of protein 
kinase C, was undetectable in several phenotypically dominant, non-transformed 
revertants independently derived from the ras-transformed cell line NIH3T3 DT-ras 
Extremely low expression of MARCKS protein accounted for this apparent lack of 
phosphorylation. MARCKS -encoding mRNA levels were correspondingly decreased 
relative to normal and ras-transformed cells in all four ras revertant cell lines studied- C- 
11 and F-2, denved by 5-azacytidine treatment and selection with ouabain" CHP 9a 
denved% ethylmethane sulfonate mutagenesis and selection with cts-hydroxy-L-pro'line- 
cilt'^hi? ^ by transfection with •human Krev-1 gene. However, re-expression' 
.01 MARCKS after transfection of a cloned MARCKS cDNA into the C-l 1 ras revertant 
cells was not sufficient to induce retransformation. In fact, no significant difference in 
sensitivity to autogenic stimulation by phorbol esters was observed among several cell 
hues expressing w.dely varying levels of MARCKS. This evidence argues against a 
direct role for MARCKS in mitogenic signaling. However, the strong correlation between 
attenuation of MARCIS expression and phenotypically dominant ras reversion suggests 
that a common negative regulatory mechanism might be responsible for both effects 
presenting a potentially useful strategy for identifying factors involved in transducing die 
ras signal. • 6 
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Abstract 
Background 

Prostate stem cell antigen (PSCA) is a recently defined homologue of the 
Thy-.l/Ly-6 family of glycosylphosphatidylinositol (GPJ)-anchor ed cell 
surface antigens. The purpose of the present study was to examine the 
expression status of PSCA protein and mRNA in clinical specimens of human 
prostate cancer (Pea) and to validate it as a potential molecular target for 
diagnosis and treatment of Pea. 

Materials and Methods 

Immunohistochemical (HIC) and in situ hybridization ()SH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections 
from 20 benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial 
neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was 
semiquantitative^ scored by assessing both the percentage and intensity ol 
PSCA- positive staining cells in the specimens. Then compared PSCA 
• expression between BPH, PIN and Pea tissues and analysed the correlations 
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of PSCA expression level with pathological grade, clinical stage and 
progression to androgen-independence in Pea. 

Results 

' in BPH and low grade PIN, PSCA protein and mRNA staining were weak or 
negative and less intense and uniform than that seen in HGPIN and Pea. 
There were moderate to strong PSCA protein and mRNA expression in 8 of 
11 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by 
IMC and ISH analyses, with statistical significance compared with BPH 
(20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). The 
expression level of PSCA increased with high Gleason grade, advanced stage 
and progression to androgen-independence (p < 0.05, respectively). In 
addition, IHC and ISH staining showed a high degree of correlation between 
PSCA protein and mRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new cell surface marker is 
overexpressed by a majority of human Pea. PSCA expression correlates 
positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and 
androgen-independence, and speculatively with prostate carcinogenesis. 
PSCA protein overexpression results from upregulared transcription of PSCA 
mRNA. PSCA may have prognostic utility and may be a promising molecular 
target for diagnosis and treatment of Pea. 



Outline Introduction 



Prostate cancer (Pea) is the second leading cause of cancer- related death in 
American men and is becoming a common cancer increasing in China. 
Despite recently great progress in the diagnosis and management of 
localized disease, there continues to be a need for new diagnostic markers 
that can accurately discriminate between indolent and aggressive variants of 
Pea. There also continues to be a need for the identification and 
characterization of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and metastatic Pea have 
been limited by a lack of specific target antigens of Pea. 

Although a number of prostate-specific genes have been identified (i.e. 
prostate specific antigen, prostatic acid phosphatase, glandular kallikrein 2), 
the majority of these are secreted proteins not ideally suited for many 
immunological strategies. So, the identification of new cell surface antigens 
»s c.t.cal to the development of new diagnostic and therapeutic approaches 
to the management of Pea. 

Reiler RE et al reported the identification of prostate stem cell antigen 
(PSCA), a cell surface antigen that is predominantly prostate specific The 
PSCA gene encodes a J 23 amino acid glycoprotein, with 30% homology to 
stern cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs to a member of 
the Ihy- j/Ly-6 family and is anchored by a glycosylphosphntidylinositol 
(GPI) linkage. mRNA in situ hybridization (ISH) localised PSCA expression in 
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norma) prostate to the basal cell epithelium, the putative stem cell 
compartment of prostatic epithelium, suggesting that PSCA may be a 
marker of prostate stem/progenitor cells. 

In order to examine the status of PSCA protein and mRNA expression in 
human Pea and validate it as a potential diagnostic and therapeutic target . 
for Pea, we used immunohistochemrstry (1HC) and in situ hybridization 
(ISH) simultaneously, and conducted PSCA protein and mRNA expression 
analyses in paraffin-embedded tissue specimens of benign prostatic 
hyperplasia (BPH, n = 20), prostate intraepithelial neoplasm (PIN, n = 20) 
and prostate cancer (Pea, n - 48). Furthermore, we evaluated the possible 
correlation of PSCA expression level with Pea tumorigenesrs, grade, stage 
and progression to androgen-independence. 
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rable 1 

Correlation of PSCA 
expression with Gleason 
score 



" Tabic 2 
Correlation of PSCA 
expression with clinical 
stage 



Tissue samples 

All of the clinical tissue specimens studied herein were obtained from 80 
patients of 57-84 years old by prostatectomy, transurethral resection of 
prostate (TURP) or biopsies. The patients were classified as 20 cases of BPH, 
20 cases of PIN, 40 cases of primary Pea, including 9 patients with recurrent 
Pea and a history of androgen ablation therapy (orchiectomy and/or 
hormonal therapy), who were referred to as androgen-independent prostate 
cancers. Eight specimens were harvested from these androgen-independent 
Pea patients prior to androgen ablation treatment. Each tissue sample was 
cut into two parts, one was fixed in 10% formalin for IHC and the other 
treated with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.3% DEPC for 1 h 
for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 urn sections and mounted on the glass slides 
specific for IHC and ISH respectively in the usual fashion. H&E-stained 
section of each Pea was evaluated and assigned a Gleason score by the 
experienced urological pathologist at our institution based on the criteria of 
Gleason score [2]. The Gleason sums are summarized in Table :; . Clinical 
staging was performed according to Jewetl-whitmore-prout staging system, 
as shown in Table 2. In the category of PIN, we graded the specimens into ' 
two groups, i.e. low grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures [3, 4 J. 

Immunohistochemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, and subjected to 
microwaving in JOmmol/L citrate buffer, PH 6.0 (Boshide, Wuhan, China) in 
a 900 W oven for 5 min to induce epitope retrieval. Slides were allowed to 
cool at room temperature for 30 min. A primary mouse antibody specific to 
human PSCA (Boshide, Wuhan, China) with a 3 :100 dilution was applied to 
incubate with the slides at room temperature for 2 h. Labeling was detected 
by sequentially adding biotinylated secondary antibodies and strepavidin- 
peroxidase, and localized using 3,3'-diaminobenzidine reaction. Sections 
were then counlerstained with hematoxylin. Substitution of the primary 
antibody with phosphate- buffered-saline (PBS) served as a neyative- 
staininu control. 



1 p : !!\ v \vw . w j $o.c om/ c on i c n 1/2/ 1 / 1 3 



5/2V2006 



World townal of Surgical Om y | Full text | Prostate stem eel! antigen (PS expression in ... Page 4 of 12 

mRNA in situ hybridization (ISH) 

Five-pm-thick tissue sections were deparaffinized and dehydrated, then 
digested in pepsin solution (4 mg/ml in 3% citric acid) for 20 min at 37 5°C 
and further processed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RWA probes (obtained from Boshide, Wuhan, China) were 
hybridized to the sections at 48°C overnight. The posthybridization wash 
with a high stringency was performed sequentially at 37°C in 2 x standard 
saline citrate (SSC). for 10 min, in 0.5 x SSC for 35 min and in 0.2 x SSC 
for 30 min. The slides were then incubated to biotinylated mouse anti- 
digoxigenin antibody at 37.5°C for 1 h followed by washing in 1 x PBS for 
20 min at room temperature, and then to strepavidin-peroxidase at 37 5°C 
for 20 min followed by washing in 1 x PBS for 15 min at room temperature 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals 
Sections hybridized with the sense control probes routinely did not show any 
specific hybridization signal above background, All slides were hybridized 
with PBS to substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA immunostaining 
and mRNA m situ hybridization, the same scoring manners are taken in the 
present study for PSCA protein staining by 1HC and PSCA mRNA staining by 
ISH. Each slide was read and scored by two independently experienced 
urologica! pathologists using Olympus BX-41 light microscopes. The 
evaluation was done in a blindedfashion: For each section, five areas of 
similar grade were analyzed semiquantitative^ for the fraction of cells 
staining. Fifty percent of specimens were randomly chosen and rescored to 
determine the degree of interobserver and intraobserver concordance. There 
was greater than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a 
scale of 0 to 3+ with 3 being the highest expression observed (0 no 
sta.ning; j + , mildly intense; 2-r, moderately intense; 3-f, severely intense) 
The staining density was quantified as the percentage of cells staining 
positive for PSCA with the primary antibody or hybridization probe, as 
follows: 0 = no staining; 1 - positive staining in <25% of the sample- 2 = 
positive staining in 25%-50% of the sample; 3 = positive staining in >50% 
of the sample. Intensity score (0 to 3 + ) was multiplied by the density score 
(0-3) to give an overall score of 0-9 [ .! , in this way, we were able to 
differentiate specimens that may have had focal areas of increased staining 
from those that had diffuse aieas ol increased staining |G). The overall score 
for each specimen was then categorically assigned to one of the following- 
groups: 0 score, negative expression; 1-2 scores, weak expression; 3-6 
scores, moderate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expression in BPH PIN and 
Pea tissues were compared using the Chi- square and Student's /-test 
Univariate associations between PSCA expression and Gleason score, clink al 
stage and progression to androgen-independence were calculated using 
Fisher's Exact "lest. For all analyses, p < 0.05 was considered slatist.colly 
significant. 
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Figure x 

Representatives of PSCA 
IHC and 1SH staining in Pea 
(A. IHC staining, B. ISH 
staining, x200 
magnification) 



PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed weakly in individual 
samples of BPH. Some areas of prostate expressed weak levels (composite 
score 1-2), whereas other areas were completely negative (composite score 
0). Four cases (20%) of BPH had moderate expression of PSCA protein and 
mRNA (composite score 4-6) by IHC and ISH. Jn 2/20 (10%) BPH 
specimens, PSCA mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 2) in one and 
negative (composite score 0) in the other. PSCA expression was localized to 
the basal and secretory epithelial cells, and prostatic stroma was almost 
negative staining for PSCA protein and mRNA in all cases examined. 

PSCA expression in PIN 

Jn this study, we detected weak or negative expression of PSCA protein and 
mRNA (^2 scores) in 7 of 9 (77.8%) low grade P]N and in 2 of Jl (38.2%) 
HGPIN, and moderate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate PSCA mRNA 
expression (6 score) was found weak staining for PSCA protein (2 score) by 
IHC. Strong PSCA protein and mRNA expression (9 score) were detected in 
the remaining 3 of 13 (27.3%) HGPIN. There was a statistically significant 
difference of PSCA protein and mRNA expression levels observed between 
HGPIN and BPH (p < 0.05), but no statistical difference reached between 
low grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 



In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and if PSCA expression levels are increased in malignant compared 
with benign glands, Forty-eight paraffin-embedded Pea specimens were 
analysed by IHC and ISH. It was shown that 39 of 48 (39.6%) Pea samples 
stained very strongly for PSCA protein and mRNA with a score of 9 and 
another 21 (43.8%) specimens displayed moderate staining with scores of 
4-6 (Figure J). Jn addition, 4 specimens with modeiate to strong PSCA 
mRNA expression (scores of 4-9) had weak protein staining (a score of 2) 
by IHC analyses.. Overall, Pea expressed a significantly higher level of PSCA 
protein and mRNA than any other specimen category in this study (p < 
0.05, compared with BPH and PIN respectively). The result demonstrates 
that PSCA protein and mRNA are overexpressed by a majority of human 
Pea. 



Correlation of PSCA expression with Gleason score in Pea 

Using the semi- quantitative scoring method as described in Materials and 
Methods, we compared the expression level ol PSCA protein and mRNA with 
Gleason grade of Pea, as shown in Table 1 . Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scoies = well-dillerentiatron, 5-7 scores = 
moderate-differentiation and 8- JO scores - poor- differential ion |7J. 
Seventy-two percent of Gleason scores 8- JO prostate cancers had very 
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strong staining of PSCA compared to 21% with Gleason scores 5-7 and 17% 
with 2-4 respectively, demonstrating that poorly differentiated Pea had 
significantly stronger expression of PSCA protein and mRNA than 
moderately and well differentiated tumors (p < 0.05). As depicted in Figure 
l f IHC and ISH analyses showed that PSCA protein and mRNA expression in 
several cases of poorly differentiated Pea were particularly prominent, with 
more intense and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the 
results in Table 2. Seventy-five percent of locally advanced and node 
positive cancers (i.e. C-D stages) expressed statistically high levels of PSCA 
versus 32.5% that were organ confined (i.e. A-B stages) (p < 0.05). The 
data demonstrate that PSCA expression increases significantly with 
advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate cancers stained positive 
for PSCA protein and mRNA. Eight specimens were obtained from patients 
managed prior to androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the strongest staining 
category (score = 9), compared with three out of eight (37.5%) of patients 
with androgen-dependent cancers (p < 0.05). The results demonstrate that 
PSCA expression increases significantly with progression to androgen- 
independence of human Pea. 

It is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates 
significantly with increasing grade, worsening stage and progression to 
androgen-independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

( In all 88 specimens surveyed herein, we compared the results of PSCA IHC 
staining with mRNA ISH. analysis. Positive staining areas and its intensity 
and density scores evaluated by IHC were identical to. those seen by JSH in 
79 of 88 (89.8%) specimens (.18/20 BPH, 39/20 PIN and 42/48 Pea 
respectively). Importantly, 27/27 samples with PSCA mRNA composite 
scores of 0-2, 32/36 samples with scores of 3-6 and 22/24 samples with a 
score of 9 also had PSCA protein expression scores of 0-2, 3-6 and 9 
respectively. However, in 5 samples with PSCA mRNA overall scores of 3-6 
and in 2 with scores of 9 there were less or negative PSCA protein 
expression (i.e. scores of 0-4), suggesting that this may leflect 
posttranscriptional modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data demonstrate that . 
the results of PSCA immunostaining were consistent with those of mRNA 
ISH analysis, showing a high degree of con elation between PSCA protein 
and mRNA expression. 
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PSCA is homologous to a group of celt surface proteins that mark the 
earliest phase of hematopoietic development. PSCA mRNA expression is 
prostate-specific in normal mate tissues and is highly up-regulated in both 
androgen-dependent and- independent Pea xenografts (LAPC-4 tumors). We 
hypothesize that PSCA may play a rote in Pea tumorigenesis and 
progression, and may serve as a target for Pea diagnosis and treatment- In 
this study, IHC and ISH showed that in general there were weak or absent 
PSCA protein and mRNA expression in BPH and low grade PIN tissues. 
However, PSCA protein and mRNA are widely expressed in HGPIN, the 
putative precursor of invasive Pea, suggesting that up-regulation of PSCA is 
an early event in prostate carcinogenesis. Recently, Reiter RE et al [1], 
using ISH analysis, reported that 97 of 118 (82%) HGPIN specimens stained 
strongly positive for PSCA mRNA. A very similar finding was seen on mouse 
PSCA (mPSCA) expression in mouse HGPIN tissues by Tran C. P et al [S]. 
These data suggest that PSCA may be a new marker associated with 
transformation of prostate celfs and tumorigenesis. 

We observed that PSCA protein and mRNA are highly expressed in a large 
percentage of human prostate cancers, including advanced, poorly 
differentiated, androgen-independent and metastatic cases' Fluorescence- 
activated celt sorting and cbnfocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in Pea celts [9]. Our 
IHC expression analysis of PSCA shows not only cell surface but also 
apparent cytoplasmic staining of PSCA protein in Pea specimens (Figure t) 
One possible explanation for this is that anti-PSCA antibody can recognize 
PSCA peptide precursors that reside in the cytoplasm. Also, it is possible 
that the positive staining that appears in the cytoplasm is actually from the 
overlying cell membrane [$]. These data seem to indicate that PSCA is a 
novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression correlates with high 
grade (i.e. poor differentiation), increased tumor stage and progression to 
androgen-independence of Pea. These findings support the original IHC 
analyses by Gu 2 et al [9], who reported that PSCA protein expressed in 
9<t% of primary Pea and the intensity of PSCA protein expression increased 
.with tumor grade, stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al pO], in which the 
significant association between high PSCA expression and adverse 
prognostic features such as high Gleason score, seminal vesicle invasion and 
capsular involvement in Pea was found. It is suggested that PSCA 
overexpiession may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Hara H et al [37] used RT-PCR detection of 
PSA, PSMA and PSCA in j ml of peripheral blood to evaluate Pea patients 
with poor prognosis. The results showed that among 53 PCa patients, each 
PCR indicated the prognostic value in the hierarchy of PSCA> PSA> PSMA RT- 
PCR, and extraprostatic cases with positive PSCA PCR indicated lower 
disease-progression-free survival than those with negative PSCA PCR 
demonstrating that PSCA can be used as a prognostic factor. Dubey P el al 
1 3 5 J reported that elevated numbers of PSCA -y cells correlate positively 
with the onset and development of prostate carcinoma over a long lime 
span in the prostates of the TRAMP and PTEN -i/- models compared with its 
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normal prostates. Taken together with our present findings, in which PSCA 
' is overexpressed from HGPIN to almost frank carcinoma, it is reasonable 
and possible to use increased PSCA expression level or increased numbers 
of PSCA-positive cells in the prostate samples as a prognostic marker to 
predict the potential onset of this cancer. These data raise the possibility 
that PSCA may have diagnostic utility or clinical prognostic value in human 
Pea. 

The cause of PSCA overexpression in Pea is not known. One possible 
mechanism is that it may result from PSCA gene amplification. In humans, 
PSCA is located on chromosome 8q24.2 [1], which is often amplified in 
metastatic and recurrent Pea and considered to indicate a poor prognosis 
[13-15]. Interestingly, PSCA is in close proximity to the c-myc oncogene, 
which is amplified in >20% of recurrent and metastatic prostate cancers' 
[16,17]. Reiter RE et al [18] reported that PSCA and MYC gene copy 
numbers were co-amplified in 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpression is associated with PSCA and MYC 
coamplification in Pea. Gu 2 et al [9] recently reporteted that in 102 
specimens available to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had identically positive areas 
• of PSCA protein and mRNA expression. Taken together with our findings, in 
which we detected moderate to strong expression of PSCA protein and 
mRNA in 34 of 40 (85%) Pea specimens examined simultaneously by IHC 
and ISH analyses, it is demonstrated that PSCA protein and mRNA 
overexpressed in human Pea, and that the increased protein level of PSCA 
was resulted from the.upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its 
biological function are yet to be elucidated. PSCA expression may be 
regulated by multiple factors [13]. Watabe T et al reported that 
transcriptional control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be regulated or 
mediated through cell-cell contact and protein kinase C (PKC) [20]. 
Homologues of PSCA have diverse activities, and have themselves been 
involved in carcinogenesis. Signalling through SCA-2 has been demonstrated 
to prevent apoptosis in immature thymocytes [2j]. Thy-1 is invo.lved in T 
cell activation and transducts signals through src-like tyrosine kinases [22]. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell 
adhesion [I?.':-- 25]. Cell-cell or cell-matrix interaction is critical for local tumor 
growth and spread to distal sites. From its restricted expression in basal 
cells of normal prostate and its homology to SCA-2, PSCA may play a role in 
stem/progenitor cell function, such as 'self-renewal (i.e. anti-apoptosis) 
and/or proliferation []]. Taken together with the results in the present 
study, we speculate that PSCA may play a role in tumorigenesis and clinical 
progression of Pea through affecting cell transformation and proliferation. 
From our results, it is also suggested that PSCA as a new cell surface 
antigen may have a number of potential uses in the diagnosis, therapy and " 
clinicaL prognosis of human Pea. PSCA overexpression in prostate biopsies- 
could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers from normal glands in 
prostatectomy samples. Similady, the detection of PSCA- overexpressing 
cells in bone marrow or peripheral blood may identify and predict metastatic 
progression better than current assays, which identify only PSA-positive or 
PS MA- positive prostate cells. 
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In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through all stages of Pea in a majority 
of cases, which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell differentiation), 
advanced stage and androgen-independent progression. PSCA protein 
overexpresston is due to the upregulation of its mRNA transcription. The 
results suggest that PSCA may be a promising molecular marker for the 
clinical prognosis of human Pea and a valuable target for diagnosis and 
therapy of this tumor. 
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Expression of superoxide dismurases, catalase, and glutathione peroxidase 
ui glioma cells. 

Zhong W, YanT, LunR, Oberlcv LW . 

atyt^U?^ Lab0rat °^ of Radiology, The University of fowa, Iowa 

Four primary antioxidant enzymes were measured in both human and rat glioma cells 
Both manganese-containing superoxide dismutase (MnSOD) and copper-zinc-containing 
superox.de d,smutase.(CuZnSOD) activities varied greatly among the different glioma * 
ceH Imes. MnSOD was generally higher in human glioma cells than in rat glioma cells 
and relatively higher than in other tumor types. High levels of MnSOD in human glioma 
cells were due to the high Jevels.of expression of MnSOD mRNA and protein 
Heterogeneous expression of MnSOD was present in individual glioma cell lines and 

7 t™° Sub P°P u,ations or * different differentiation stages. Less difference 
in UiZnSOD, catalase, or glutathione peroxide was found between human and rat glioma 
cells, The human glioma cell lines showed large differences in sensitivity to the 
glutathione modulating drugs 1,3-bis (2-chloroethyl)-l -nitrosourea (BCNU) and 
buthiomne sulfoximine (BSO). A good correlation was found between sensitivity to 
BCNU.and the activities of catalase in these cell lines. Only one cell line was sensitive to 
BbO and tins line had low CuZnSOD activity. 

PMID: 10641728 [PubMed - indexed for MEDLINE] 
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(Expression ofhumau telomerase reverse transcriptase in cervix cancer 
and its significance] 

[Article in Chinese] 

XLL, Zhu_T, WuJ>, Xu_£, MiiimgJL, LiJ^x, Li*_VP, Mh_d 

Department of Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College 
Huazhong University of Science and Technology, Wuhan 430030, China. 

OBJECTIVE: To investigate the expression of human telomerase reverse transcriptase 
(hTERT) mRNA and protein in cervix cancer, cervical intraepithelial neoplasia (CIN) 
and normal cervix. METHODS: Expression of hTERT mRNA and the other two subunits 
of telomerase, human telomerase RN A component (hTR), human telomerase-associated 
protein (hTPI) was determined by RT-PCR in 3 cervix cancer cell lines, 2 diploid cell 
lines, 38 cases of cervix cancer, 16 cases of CIN and 20 cases of normal cervix. 
Telomerase activity was also examined by telomeric repeat amplification protocol 
enzyme-linked immunosorbent assay (TRAP-EUSA). Expression of hTERT protein was 
detected in all the cell lines and 101 cases of parafflnized cervix tissue sections. 
RESULTS: hTERT mRNA expression was detected in all of the three cervix cancer cell 
hues, 81.6% of cervix cancer, 37.5% of CIN, 5.0% of norma! cervix, while in neither of 
the two diploid cell lines. The other two subunits of telomerase were prevalently 
expressed in all of the cell lines and most cervix tissues. There was a strong correlation 
between hTERT mRNA expression and telomerase activity. Immunostaining also 
revealed that hTERT protein was expressed in all three cervix cancer cell lines 65 5% of 
cervix cancer, 28.0% of CIN and 4.8% of normal cervix. CONCLUSION: Up-regulation 
of hTERT may play an important role in the development of CIN and cervix cancer, 
hTERT could be used as an early diagnostic biornarker for cervix cancer. 
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